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Description

Field of the Invention

[0001} The present invention relates to a toner for use in a developer developing an electrostatic latent image formed
by electrophotography, electrostatic recording, electrostatic printing, etc., and to a method for manufacturing the toner.
More particularly, the present invention relates to an electrophotographic toner for use in copiers, laser printers, plain
paper facsimile machines, etc., and to a method for manufacturing the toner. In addition, the present invention also
relates to a color toner for use in full color copiers, full color laser printers, full color facsimile machines, which use a
direct or indirect electrophotographic developing method, and to a method for manufacturing the color toner.

Discussion of the Background

{0002] An electrostatic latent image formed on an image bearing member, for example, by electrophotography, elec-
trostatic recording, electroprinting or the like method is developed with a developer to form a visible image (i.e., atoner
image) on the image bearing member (developing process). The toner image is then transferred onto a receiving
material such as receiving paper optionally via an intermediate transfer medium {transfer process). The toner image
on a receiving material is then fixed on the receiving material {fixing process). -

{0003] As the developer, two-component developers consisting of a carrier and a toner and one-component devel-
opers which do not include a carrier and which consists of a magnetic or non-magnetic toner are well known. In a two-
component developer, the toner is frictionally charged, for example, by contacting the carrier. in a one-component
developer, the toner is frictionally charged by contacting a rolier supplying the toner to a developingsleeve, a blade
regulating the toner to form a toner layer on the developing sleeve and/or the like member.

[0004] In order to prepare a toner image faithfully reproducing an electrostatic latent image, the charge properties
of the toner have to be properly controlled. Therefore, various charge controlling agents and methods adding the charge
controlling agents have been proposed. In particular, charge controlling agents are generally expensive. In addition,
a charge controlling agent efiectively functions when being present at a surface of a toner. Therefore, in order to reduce
manufacturing costs, it is atiempted to include a small amount of a charge controlling agent on a surface or in asurface
portion of toner particles. '

[0005] Japanese Laid-Open Patent Publications Nos. (hereinafter referred to as JOPs)63-104064, 05-119513,
09-127720 and 11-327199 have disciosed toners in which a charge controlling agent is adhered to the-surface of the
toner particles to impart a charge to the toners. However, the toners are not fully charged. In addition, a problem which
occurs is that the charge controlling agent tends to be easily released from the surface of the toners. Further, the
proposed methods of manufacturing the toners do not provide toners having good charging ability.

[0008] Cumently, methods for manufacturing a toner such as polymerization methods, other than pulverizing meth-
ods, have been investigated. Such polymerization methods are suitable for producing toners having a relatively spher-
ical form, a small particle diameter and a narrow particle diameter distribution. The thus prepared toners, which have
a refatively spherical form and a small particle diameter, have weak attraction for image bearing members such as
photoreceptors and intermediate transfer media. Therefore, toner images formed by such a toner can be transferred
at a high transfer rate, and high resolution images can be formed. In addition, such a toner is hardly pulverized exces-
sively by contact with carriers and various elements such as developing blades and cleaning blades in image forming
apparatus. Therefore, such a toner can maintain its particle diameter even when used for a long period of time. The
quantity of a charge controlling agent present on the surface or in the surface portion of toner particles is very important
factor for such toners having a relatively spherical form and a small diameter.

[0007] JOPs 04-21862 and 2000-112180 have disclosed techniques in which atoner having a proper charge quantity
and a proper charging speed is prepared by controlling the quantities of a charge controlling agent present on the
surface and inside of the toner particles. These techniques are inefficient.

{0008] JOP 04-21862 specifies the ratio of the particles of a charge controlling agent present on the surface of the
toner. According to the surface analysis method disclosed in JOP 04-21862, the ratio -of the number of the elements
present on the surface of the toner can be determined. However, the ratio of the number of molecules of the charge
controlling agent at the surface of the toner particles cannot be determined because the materials present on the
surface of the toner particles are not known. Even if the molecular structures of the materials present on the surface
of the toner are known, the ratio of the number of the molecules of the charge controlling agent at thesurface of the
toner particles cannot be determined. In addition, the effect of the toner form to the charge properties of the toner is
not considered in JOPs 04-21862 and 2000-112180.

{0009] JOP 2000-112180 specifies the concentration of the charge controlling agent on the surface of the toner
particles and the concentration thereof in the whole toner particles. However, it is not attempted to positively arrange
a charge controlling agent on the surface of toner particles, and therefore, the ratio of the concentration of the.charge
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controlling agent on the surface of the toner particles to the-concentration thereof in the whole toner paricles is less
than 10. Therefore, the charge rising property of the toner is not-satisfactory. In addition, since acharge-controlling
agent is included in the inside of the toner particles, the toner has an unsatisfactory fixability and transparency.
[0010] With respect to the method of adhering a charge controlling agent, which is typically expensive, on the surface
of toner particles (i.e., mother toner particles), JOP 63-244056 discloses a method in which a charge controlling agent
is adhered and fixed on the surface of mother toner particles utilizing an impulse force generated at a gap between a
rotor (i.¢., a blade rotated at a high speed) and a stator (i.e., projections fixed on the inside wall of a vessel). However,
since the inside wall has projections, crosscurrent tends to be formed, and thereby problems such that the particles
are excessively pulverized, or the particles are partially melted tend to occur, resulting in performance of uneven treat-
ment.

[0011] When the mixture is treated at such a narrow gap, a large amount of heat is induced due to impulse force at
the gap, and thereby the toner particles tend to be deformed and/or are excessively pulverized. Therefore a problem
such that the resultant toner has an undesired average particle diameter and/or an undesired particle diameter distri-
bution tends to occur. In addition, a problem such that a charge controlling agent is embedded into mother toner particles
and the resultant toner cannot exert the desired performance. Further, in order to prevent such problems, the process-
ability of the mixer deteriorates because processing is performed while preventing such problems, and therefore the
manufacturing methad is not efficient. . :

{0012] JOP 08-173783 discloses a mixer as shown in Fig. 8, which has a spherical vesse! 101, a driving shaft 106
arranged so as 10 pass through the center of a circular bottom 102 of the vessel 101, a boss 103 having a cone form
and provided on the driving shaft 105, and an agitating blade 104 provided on the periphery of the boss and configured
to scatter mixture particles to be treated toward the inside wall of the vessel 101. However, the mixer has a drawback
in that when the rotating speed of the mixture particles to be treated approaches the rotation speed of the agitating
blade, the shear stress applied to the mixture particles decreases and thereby uniform mixing such that the additive
is adhered on the mother toner particles while the mother toner particles and additive are separated into their primary
particles cannot be perfermed (hereinafter this problem is referred to as a shear stress decreasing problem).

[0013] In addition, this mixer has a function of generating circling air flow. upwardly along the inside wall of the vessel
to circle the mixture to be treated, but the mixer does not have a function of returning the air flow downwardly. Therefore
air turbulence is generated and the mixture scattered upwardly cannot be returned to the agitating blade. Namely, a
self cleaning operation is not performed by the mixture and thereby a mixture deposition problem such that the mixture
tends to be deposited on the inside wall of the vessel tends to occur. .

[0014]) Further, when mother toner particles and a charge controlling agent (and/or a fluidity imparting agent) are
mixed in a mixer, the rotating shaft is heated and therefore shaft sealing air is typically applied to the shaft to prevent
deposition of the mixture on the rotating shaft. Therefore the supplied air need to be discharged from the vessel. JOP
08-173783 discloses an air discharging mechanism 106 as shown in Fig. 8 which Is configured to discharge air from
the vessel 101 through afiler. if the filter does not has a large area, the filter is rapidly choked with the mixture particles.
Thereby air cannot be fully supplied to the rotating shaft 105, resulting in deposition of the mixture particles on the
rotating shaft 105. In attempting to solve this problem, the discharging mechanism 106 is large in size and is typically
projected upwardly. The mixture particles moving upwardly along the inside wall of the vessel 101 are moved toward
the discharging mechanism 108, resulting in adhesion of the mixiure particles onthe filter of the discharging mechanism
106. Therefore uniform mixing cannot be performed, and the resultant toner has a poor charge rising property. in
addition, a prablem in that the mixture particles adhered on the filter fall and deposit on the vessel tends to occur.
[0015] Because of these reasons, a need exists for a toner which has a relatively spherical form and a small particle
diameter and which has uniform charge properties and good charge rising property so as to produce high quality images
even when used for a long period of time for image forming apparatus. In addition, a need exists for a method for
efficiently manufacturing such a toner without causing toner deposition problem and shearing stress-decreasing prob-
lem. :

SUMMARY OF THE INVENTION

[0016] Accordingly, an object of the present invention is to provide a toner having the following advantages:

(1) having a high transferability and being capable of producing high resolution images and;

(2) having a high charge rising property when the toner is contacted with a carrier, a developing sleeve or the like
members even though the toner has a relatively spherical form, a relatively smail particle diameter, and a relatively
narrow particle diameter distribution; and '

(3) having uniform charge properties and being capable of producing high quality images for a long period of time
without being deformed and/or excessively pulverized. ’ '
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[0017] Another object of the present invention is to provide a toner having a good-combination of low-temperature
fixability, high transparency and wide fixable temperature range.

[0018] Yet another object of the present invention is to provide a toner which is manufactured by a method using an
aqueous solvent and which has a high charge rising property and uniform charge properties and is hardly deformed
and/or excessively pulverized even when used for a long period of time.

[0019] A further object of the present invention is to provide a method of uniformly adhenng a charge controlling
agent on a surface of toner particles.

[0020] A still further object of the present invention is to provnde a method of efficiently manufacturing the toner
mentioned above without causing toner depasition problem and shearing stress decreasing problem.

[0021] A still further object of the present invention is to provide a full color image forrmng method using the toner
mentioned above.

[0022] Briefly these objects and other objects of the present invention as hereinafter will become more readily ap-
parent can be attained by a toner composition including toner particles including a binder resin and acolorant, and a
charge controlling agent which is at least located on a surface of the toner particles, wherein the toner composition
has a spherical degree of from 0.96 to 0.99, and wherein the toner composition satisfies the relationship: 10 = M/T =
1,000 wherein M represents a quantity of an element present on a surface or in a surface portion of the toner particles
in units of % by weight which is determined by a XPS (X-ray photoelectron microscopy) method, wherein the element
is included only in the charge controlling agent and is not included in other toner constituents, and is one of elements
of from second 1o fifth periodical elements (i.e., elements of from “Li” to *I*) in the long form periodic table other.than
carbon, oxygen and rare gas elements; and T represents a quantity of the element included in the toner-composition
in units of % by weight.

[0023] The element present on a surface or in a surface portion of the toner particles is sometimes referred to as
“the element present on the surface of the toner particles®.

[0024]) The spherical degree is preferably from 0.975 to 0.985 to produce high quality images. When the spherical
degree is too small, the thickness of the toner layer formed on a developing sleeve becomes too thin. Incontrast, when
the spherical degree is too large, the toner layer thickens, resulting in performance of excessive development.
[0025] The M/T ratio is preferably from 100 to 800 to impart good charge properties to the toner and to avoid con-
tamination of image 'forming members contacting the toner.

[0026] The charge conirolling agentwhich is presenton the surface of the toner composition is not preferably included
inside of the toner particles because good charge properties can be imparted to the toner composition having the
specified spherical degree. Such a toner is particularly useful as a color toner.

[0027] The toner composition preferably satisfies the following relationship:

0.7 = (WMIY(Q/M2) = 1.3

wherein Q/M1 represents a charge quantity of the toner composition in units-of pC/g when the toner.composition is

mixed with a carrier coated with a silicone resin for 15 seconds and Q/M2 represents a charge quantity of the toner

composition in units of uC/g when the toner composition is mixed with the carrier for 600 seconds.

[0028] In addition, the toner composition preferably has a volume average particle diameter (Dv) of from-2 um to 8

um and a number average particie diameter (Dn), wherein a ratio Dv/Dn is not greater than 1.2.

[0029) The charge controlling agent is preferably included in the toner composmon in an amount of from 0.01 % to

2.0 % by weight based on the weight of the toner particles.

[0030] The charge controlling agent is preferably selected from the group consisting of metal complexes of salicylic

acid and its derivatives and metal salts of salicylic acid and its derivatives.

[0031] The toner particles preferably include a wax, wherein the wax is dispersed in the foner particles while having

an average dispersion diameter not greater than 2.0 pm and preferably from 0.2 um to 2.0 um to impart good fluidity,

color reproducibility and gloss to the toner and to prevent a filming problem.

[0032] The binder resin preferably includes a polyester resin in a largest amount. The soluble components of the

binder resin has a molecular weight distribution such that a peak is observed in a range of from 1,000 to 30,000, .
preferably from 1,500 to 10,000 and more preferably from 2,000 to 8,000, to impart good preservation property and

low temperature fixability. In addition, the binder resin has a fraction having a molecular weight not less than 30,000-
in an amount of from 1 % to 10 % and more preferably from 3 % to 6 % by weight to prepare a-color toner having good

color toner and releasability. In addition, the resultant toner has good offset resistance and the resultant images have

good gloss and transparency.

[0033] The binder resin preferably has a Mv/Mn ratio not greater than 5 such that the resultant toner sharply meits

and the resultant images have high gloss. .
{0034] In another aspect of the present invention, a method for manufacturing a toner composition is provnded which
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includes:

preparing toner particles including a binder resin and a colorant; and
mixingthe toner particles with a charge controlling agent using a mixer having a rotor to form the toner composition,

wherein the toner composition has a spherical degree of from 0.96 to 0.99, and wherein the toner composition
satisfies the following relationship: .

10 = M/T = 1,000

wherein M represents a quantity of an element present on a surface of the toner particles in units of % by weight,
wherein the element is included only in the charge controliing agent but is not included in other constituents of the
toner composition, and is one of elements of from second to fifth periodical elements in the long form periodic table
other than hydrogen, carbon, oxygen and rare gas elements; and T represents a quantity of the element included in
the toner composition in units of % by weight.

[0035] The mixer preferably has a vessel configured to-contain the toner particles and the chargecontrollmg agent;
a driving shaft arranged so as to substantially vertically pass through a bottom of the vessel andconﬁgured to rotate
the rotor,

wherein the rotor is prowded on the driving shaft and rotates substantially parallel to the bottom of the vessel; and a
cylindrical member located at a position in an extension direction of the driving shaft.

[0036] The vessel preferably has a spherical form and the bottom of the vessel has a flat circular form and wherein
the driving shaft passes through a substantially center of the flat circular bottom of the vessel.

[0037] The mixer preferably satisfies the following relationship:

Lz HA10

wherein H represents an inside height of the vessel and L represents an inside length of thecyllndncal member in the

vessel.
[0038] The mixer preferably satisfies the following relationship:

R2 = R1/10

wherein R1 represents an inside width of the vessel and R2 represents an inside diameter of the cylmdncal member
[0038] In addition, the cylindrical member has a tip having a trumpet form. -
[0040] In the mixing step, the rotor is preferably rotated at a rotation speed of from 40 m/s to 150 m/s.

[0041] The mixing step preferably has a premixing step in which the toner particles are mixed with the charge con-
trolling agent while rotating the rotor at a rotation speed lower than 50 m/s. In this case, the following mixing step is
preferably performed at a rotation speed not lower than S0 m/s.

[0042] The toner composition may further,include an external additive, wherein the external additive is mixed with
the toner particles and the charge controlling agent in the mixing step.

[0043) The toner particles preparing step is preferably performed by one of the following methods:

a method including:

kneading the binder resin and the colorant upon application of heat to prepare a mixture;
pulverizing the mixture to prepare a powdery mixture; .

classifying the powdery mixture to prepare raw toner particles; and

applying at least one of heat and mechanical impulse force to the raw toner pamcles to prepare the toner

particles,

wherein the toner particles have a spherical degree of from 0.96 10 0.99;
a method including:

suspension-polymerizing one or more monomers, which optionally includes the colorant, in an agueous liquid to
prepare the toner particles;
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a method including:

dissolving the binder resin in an organic solvent to prepare a solution of the binder resin;

dispersing the solution and the colorant in an aqueous liquid to prepare a dispersion of the binder resin and
the colorant; and

drying the dispersion of the binder resin and the colorant to prepare the toner particles.

a method including:

dispersing the binder resin in an organic-soivent to prepare an organic solvent dispersion of the binder resin;
dispersing the organic solvent dispersion and the colorant in an aqueous liquid to prepare an aqueous dispersion
of the binder resin and the colorant; and

drying the aqueous dispersion to prepare the toner particles.

a method including:

reacting a prepolymer with a compound in an organic solvent to prepare a solution of the binder resin;
dispersing the solution and colorant in an aqueous liquid to prepare an aqueous dispersion of the binder resin and
the colorant; and

drying the aqueous dispersion to prepare the toner particles;

a method including:

reacting a prepolymer with a compound in an organic solvent to prepare an organic solvent dispersion of the
binder resin; S - -

dispersing the organic solvent dispersion and the colorant in an aqueous liquid to prepare an aqueous disper-
sion of the binder resin and the colorant; and

drying the aqueous dispersion to prepare the toner particles; and

a method including:

reacting a prepolymer with a compound in an aqueous liquid including the colorant to prepare an aqueous
dispersion of the binder resin and the colorant; and :
drying the agueous dispersion to prepare the toner particles.

[0044] Amongthese methods, a method s preferable in which toner particles are prepared by dissolving or dispersing
toner constituents including a polyester resin in an organic solvent or a monomer, dispersing the solution or dispersion
in an aqueous liquid and drying the aqueous dispersion after optionally performing a reaction. The polyester resin
preferably has a urea bonding. :

[0045] These and other objects, features and advaniages of the present invention will become apparent upon.con-
sideration of the foliowing description of the preferred embodiments of the present invention taken in-conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Various other objects, features and attendant advantages of the present invention will be more fully appreci-
ated as the same becomes better understood from the detailed description when consideted in connection with the
accompanying drawings in which like reference characters designate fike corresponding parts throughout and wherein:

Fig. 1 is a graph illustrating an XPS spectrum of an embodiment of the charge controlling agent.used in the toner
of Example 1 of the present invention;

Figs. 2A to 2E are enlarged views of the peaks of the XPS spectrum of Fig. 1;

Figs. 3 and 8 are schematic views illustrating the cross sections of background art mixers;

Figs. 4 to 6 are schematic views illustrating embodiments of the mixer for use in the toner manufacturing method
of the present invention; and

Fig. 7 is a schematic view illustrating the cross section of a comparative mixer used in<Comparative Example 6.

DETAILED DESCRIPTION OF THE INVENTION

[0047] As mentioned above, the quantity of a charge controlling agent present on the surface of a toner having a
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relatively spherical form has to be-carefully controlled. The present inventors have investigated the reason. As a result
thereof, it is found that the following points are important.

(1) toners having a relatively spherical form have a surface area smaller than those of toners having an irregular
form. Namely, the spherical toner particles have smaller surface areas which can be used for charging the toner
than irregular toner particles. Therefore, the .charge quantity and charging.speed of the spherical toner particles
are smaller than those of the irregular toner particles. Accordingly, a charge controlling agent has to be present
on the surface of spherical particles in a-certain amount or more. However, when the quantity of the charge con-
trolling agent present on the surface of spherical particles is too large, the image forming members, such as pho-
toreceptors, chargers and developing sleeves, contactlng the toner tend to be contaminated with the charge con-
troliing agent.

(2) When spherical toner partictes contact such image formmg members as mentioned above the surface of the
spherical toner particles tends to be locally melted and the charge controlling agent thereon tends to be embedded
into the toner particles or deteriorate its properties. This is because the surface uniformly faces in alithe directions,
Accordingly, a charge controlling agent has to be present on the surface of spherical particles in a certain amount
or more.

(3) When it is tried 1o include a charge controliing agent in & spherical toner prepared by a polymerization method
using an aqueous liquid, almost all the charge controlling agent tends to be present in an aqueous phase because
charge controlling agents have a high polarity and therefore have affinity for water. Namely, it is hard to include a
charge controlling agent in a polymerization toner, and thereby good charging properties cannot be imparted to
the polymerization toner.

[0048] Therefore, the present inventors have investigated the relationship between the shape of toner particles and
charge properties thereof. As a result of the investigation, the toner of the present invention can be provided.
[0049] At first, methods for measuring several physical properties used in the present application will be explained.

Measurements of spherical degree

[0050] !n the present invention, the spherical degree of particles is determined as follows:

(1) a suspension including particies to be measured is passed through a detection area formed on a plate in an
measuring instrument; and
(2) the particles are optically detected by a CCD camera and then the shapes thereot are analyzed

[0051] The spherical degree of a particle is determmed by the following equation:
Spherical degree = Cs/Cp

wherein Cp represents the circumierence of the projected image of a particle and Cs represents the circumference of
a circle whose area is the same as that of the projected image of the particle. '

[0052] The spherical degree of toner particles can be determined as an average spherical degree by a flow-type
particle image analyzer, FPIA-1000 manufactured by Toa Medical Electronics Co., Ld.

[0053] Specifically, the method of determining the spherical. degree of toner particles are as follows:

(1) 0.1 gto 0.5 g of & sample to be measured is mixed with 100 to 150 ml of water from which solid impurities have
been removed and which includes 0.1 m! to 0.5 ml of a dispersant (i.e., a surfactant) such as an alkylbenzene
suifonic acid salt; )

(2) the mixture is dispersed using an ultrasonic dispersing machine for about 1to3minutesto prepare a suspension
including particles of 3,000 to 10,000 per 1 micro-liter of the suspension; and

(3) the average spherical degree of the sample in the suspension is determined by the measuring instrument
mentioned above.

Measurements of amount of charge controlling agent on the surface of toner particles

[0054] Inthe toner of the present invention, it is very important that the charge controlling agent included in the toner
is present on the surface and in the surface portion of the toner particles in an amount not less than the specified value
mentioned above. It is especially important when the toner particles has a near spherical form. The quantity of a charge
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controlling agent present on the surface of toner particles can be determined by detecting the quantities. of elements
present on the surface and in the surface portion of the toner particles using-ESCA (XPS). In this case, the element
present on the surface and inciuded in the surface portion having a thickness of about 5 nm is detected. Specmcally,
the quantities of elements can be determined by the following conditions:

(1) measuring instrument: X-ray Photoélectron Spectroscope Model 1600S manufactured by PHI;
(2) X-ray: Mg-Ka; and
(3) Power of X-ray: 2QOW

[0055] The procedure for determining the quantities of elements on and in the surface portion'is-as follows: -

(1) toner particles to be evaluated are dispersed in an analyzing area of 0.8 mm x 2:0 mm;

(2) the quantities of the elements present on the surface or included in the surface portion of the toner particles
are determined by the instrument mentioned above;

(3) among the detected elements, the quantity of an element which is included in the charge controlling agent but
is not included in other toner constituents and which is one of the elements of from second to fifth periodical
elements (i.e., the elements of from “Li" to "I"} in the long form pericdic table other than carbon, oxygen and rare
gas elements is determined while considering the relative sensitivity factor of the elements which s provided by PHI.

[0056] The unit of the thus determined quantity of the elements is atomic percent (atomic %). The content (M) (%
by weight) of the specific element present on the surface of the toner particles is determined as follows:

M;[(AxW)/{(A‘I X W1) + (A2 x W2) + -« + (An x Wn)}] x 100

wherein A represents the amount of the element (atomic %) and W represents the atomic weight of the element; and
A1, A2 and An represent the amounts of elements detected when the surface portion is analyzed and W1, W2 and Wn
represent the atomic weights thereof.

Measurements of content {T) of charge controlling agent in toner particles

{0057] The content of a specific element included in a charge controlling agent can be determined for example by
one of the following methods:

{1) a method in which the content of a specific element in the charge controliing agent is -calculated from the
formulation of the toner; and
(2) a fluorescent X-ray analysis.

[0058] The latter method is preferably used. The procedure for the fluorescent X-ray analysis is as follows:

(1) three (3) grams of a toner is contained in a pellet forming machine and pressed upon apphcatlon of 10 vem?
to form a pellet of the toner having a diameter of 40 mm; and

(2) the toner pellet is analyzed by a wavelength dispersive fluorescent X-ray analyzer RIX3000 manufactured by
RIGAKU CORPORATION.

[0059] The content of a specific element in the toner is preferably determined as follows. At first, a working-curve
which shows the relationship between a content of the charge controlling agent in the toner and the strength of the
fluorescent x-ray peak of an element included in only the charge controlling agent is previously prepared. Then the
content (C) of the charge controiling agent in the toner is determined using the working curve. The unit of the thus.
obtained content (C) is % by weight. The value T (i.e., the content of the specific element in the toner) can be determined
by the following equation:

T (% by weight) = C x f

wherein C represents the content of the charge controlling agent in the toner; and f represents the content of the specific
element in the charge controlling agent.
[0060] In the toner of the present invention, it is preferable that the charge controlling agent is hardly included inside
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of the toner particles. This is confirmed, for example, by the following method:
(1j toner particles are fully washed with a solvent which-can dissolve the charge controlling agent included in the
toner but cannot dissolve the binder resin and colorant in the toner; :

{2) the washed toner particles is subjected to the analysis using a wavelength dispersive fluorescent X-ray analyzer.

Measurements of charge quantity of toner.particles

[0061] In the present invention, the charge quantity of toner particles is determined as follows:

(1) 0.3 g of & toner and 6 g of a carrier which is prepared by coating a ferrite-carrier having an average patrticle
diameter of from 40 um to 60 um with a silicone resin in a thickness of from 0:2 um to 0.3 um are contained in a
cylindrical stainless container having a diameter of 25 mm and a height of 36 mm;

(2) the container is set on a ball mill stand and rotated for a predetermined time (i.e., 15 sec or 600 sec) at a 280
rpm to mix the toner and the carrier (i.e., to charge the toner and-carrier); and

(3) the charge quantity (Q/M) of the toner in units of uC/g is determined by a blow-off method.

[0062] The charge rising property of the toner is defined by the following equation:
(QU/M1)(Q/M2)

wherein Q/M1 represents the charge quantity of the toner when the mixture is mixed for 15 seconds and Q/M2 repre-
sents the charge quantity of the toner when the mixture is mixed for 600 seconds.

Measurements of diameter of wax dispersed In toner.particles

[0063] In the present invention, the diameter of a wax dispersed in toner particles is -defined as the diameter in the
major axis direction of the wax.
[0064] Specifically, the measuring method is as follows:

(1) a toner particle is buried in an epoxy resin;

(2) &n ultra-thin film of the toner particle having a thickness of about 100 um is cut;

(3) the thin film is dyed with a ruthenium tetraoxide;

{4) the thin film is observed with a transmission electron microscope (TEM) of 10,000 power magnification and
photographed;

(5) the photograph is analyzed with an image evaluation device such as RUZEX FT manufactured by Nireco to
evaluate 50 pieces of toner particles; and

(6) the absolute maximum length of each toner particle (i.e., a distance between the two farthest points on the
outline of the cross section of each toner particle) is determined and the maximum lengths of the'50 toner particles
are averaged.

Measurements of particle diameter distribution of toner particles

[0065] The average particle diameter and particle diameter distribution of toner particles can be measured, for ex-
ample, by an instrument such as Coulter counter TA-Il or a mutticizer manufactured by Coulter Electronics, Inc. Inthe
present invention, the Coulter counter TA-Il is used together with an interface which can output particle diameter dis-
tributions on number basis and volume basis and which is manufactured by Nikkaki Bios Co., Ltd. and a personal
computer PC9801 manufactured by NEC Corp. The procedure is as follows:

(1) asurfactant serving as a dispersant, preferably 0.1to 5 mi of a 1 % aqueous solution of an alkylbenzenesulfonic
acid sall, is added to an electrolyte such as 1 % aqueous solution of first.class NaCl or ISOTON-{l manufactured
by Coulter Scientific Japan;,

(2) 2 to 20 mg of a sample 1o be measured is added into the mixture;

(3) the mixture is subjected to an ultrasonic dispersion treatment for about 1 to 8 minutes; and

(4) the volume average particle diameter (Dv) and number average particle diameter (Dn) of the'sample are meas-
ured using the instrument and an aperture of 100 um for toner particles having an average volume particle diameter
of from 4.01 to 8.0 um or an aperture of 50 um for toner particies having an average volume particle diameter of
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from-210 4 pm.
[0066] In addition, the toner particles are evaluated with respect 1o a ratio (Dv/Dn).

Measurements of molecular weight distribution of binder resin

[0067] Inthe presentinvention, the molecular weight of a binder resin included in atoner is measured by the following
method: .

(1) a toner of about 1 gram is precisely weighed;

{2) the toner is mixed with 10 to 20 g of tetrahydrofuran to prepare & tetrahydrofuran solution of the binder resin
having a concentration of about 6 10 10 %; CT

{3) tetrahydrofuran is flown through a column, which is heated in a heat chamber at 40 °C, at a flow rate of 1 mV/
min and 20 p! of the sample solution is injected thereto to determine the molecular weight distribution of the binder
resin using a working-curve concerning the relationship between a molecular weight and a retention time which is
previously prepared using polystyrenes having a single molecular distribution of from 2.7 x 102 to 6.2 x 108,

[0068] As the detector, a Rl (refractive index) detector is used. As the column, TSKgel, C1000H, G2000H, G2500H,
G3000H, G4000H, G5000H, G6000H,G7000H and-GMH, which are manufactured by TOSO CORPORATION, are
used in combination.

{0069] The toner of the present invention includes a binder resin. Specific examples of the binder resin for use in the
toner of the present invention include styrene polymers and substituted styrene polymers such as polystyrene, poly-
p-chlorostyrene and polyvinyltoluene; styrene copolymers such as styrene-p-chlorostyrene copolymers, styrene-pro-
pylene copolymers, styrene-vinyltoluene copolymers, styrene-vinylnaphthalene copolymers, styrene-methy! acrylate
copolymers, styrene-ethyl acrylate copolymers, styrene-butyl acrylate copolymers, styrene-octyl acrylate copolymers,
styrene-methyl methacrylate copelymers, styrene-ethyl methacrylate copolymers, styrene-butyl methacrylate copoly-
mers, styrene-methyl a-chloromethacrylate copolymers, styreneacrylonitrile copolymers, styrene-vinyl methyl ketone
copolymers, styrene-butadiene copolymers, styrene-isoprene copolymers, styrene-acrylonitrile-indene copolymers,
styrene-maleic acid copolymers and styrene-maleic acid ester copolymers; and other resins such as polymethyl meth-
acrylate, polybuiyl methacrylate, potyvinyl chloride, polyvinyl acetate, polyethylene, polypropylene, polyesters, epoxy
resins, epoxy polyol resins, polyurethane resins, polyamide resins, polyvinyl butyral resins, acrylic resins, rosin, mod-
ified rosins, terpene resins, aliphatic or alicyclic hydrocarbon resins, aromatic petroleum resins,'chlorinated paraffin,
paraffin waxes, etc. These resins are used alone or in combination. L :

[0070] As the binder resin, urea-modified polyester resins (polyester resins having a urea bonding) can be used.

‘Suitable urea-modified polyester resins include reaction products of a polyester prepolymer.(A) with an amine (B). As

the polyester prepolymer (A), for example, compounds prepared by reacting a polycondensation product of a polyol
(1) and a polycarboxylic acid (2) which has a group having an active hydrogen with a polyisocyanate (3) are used.
Suitable groups having an active hydrogen include a hydroxy! group {an alcoholic hydroxyl group and a phenolic hy-
droxy! group), an amino group, a carboxyl group, a mercapio group, etc. Among these groups, alcoholic hydroxyl
groups are preferable. : . '

[0071] Suitablepolyols (1) inciude diols (1-1) and polyols (1-2) having three or more hydroxyl groups. Preferably diols
(1-1) or mixtures in which a small amount of a polyol (1-2) is added to a diol (1-1) are used.

[0072]) Specific examples of the diols (1-1) include alkylene glycol{e.g., ethylene glycol, 1,2-propylene glycol, 1,3-pro-
pylene glycol, 1,4-butanediol and 1, 6-hexanediol); atkylene ether glycols (e.g., diethylene glycoi, triethylene glycol,
dipropylene glycol, polyethylene glyco), polypropylene glycol and polytetramethylene ether glycol); alicyclic diols {e.g.,
1,4-cyclohexane dimethanol and hydrogenated bisphenol A); bisphenols (e.g., bisphenol A, bisphenol F and bisphenol
S); adducts of the alicyclic diols mentioned above with an alkylene oxide {e.g., ethylene oxide, propylene oxide and
butylene oxide); adducts of the bisphenols mentioned above with an alkylene oxide (e.g., ethylene oxide, propylene
oxide and butylene oxide); etc.

{0073} Among these compounds, alkylene glycols having from 2 to 12 carbon atoms and adducts of bisphenols with
an alkylene oxide are preferable. More preferably, adducts of bisphenols with an atkylene oxide, or mixtures of an
adduct of bisphenols with an alkylene oxide and an alkylene glycol having from 2 to 12 carbon atoms are used.
[0074] Specific examples of the polyols {1-2) include aliphatic alcohols having three or more hydroxyl groups {e.g.,
glycerin, trimethytol ethane, trimethylol propane, pentaerythritol and sorbitol); polyphenols having three or more hy-
droxyl groups (trisphenol PA, phencl novolak and cresol novolak); adducts of the polyphenols mentioned above with
an alkylene oxide; etc:

- [0075] -Suitable polycarboxylic acids include dicarboxylic acids (2-1) and polycarboxylic acids {2-2) having three or

more carboxyl groups. Preferably dicarboxylic acids (2-1) or mixtures in which a small amount of a polycarboxylic acid
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{2-2) is added to a dicarboxylic acid (2-1) are used.

[0076] Specilicexamples of the dicarboxylic acids (2-1) include alkylene dicarboxylic acids-(e.g., succinic acid, adipic
acid and sebacic acid) ; alkenylene dicarboxylic acids (e.g., maleic acid and fumaric acid); aromatic dicarboxylic acids
(e.g., phthalic acid, isophthalic acid, terephthalic acid and naphthalene dicarboxylic acids; etc. Among these com-
pounds, alkenylene dicarboxylic acids having from 4 to 20 carbon atoms and aromatic dicarboxylic acids having from
8 10 20 carbon atoms are preferably used. .

[0077] Specific examples of the polycarboxylic acids {2-2) having three or more hydroxyl groups include aromatic
polycarboxylic acids having from 9 to 20 carbon atoms (e.g., trimellitic acid and pyromellitic acid).

[0078] As the polycarboxylic acid (2), anhydrides or lower alky! esters (eg., methyl esters, ethyl-esters or isopropy!
esters) of the polycarboxylic acids mentioned above can be used for the reaction with a polyol (1).

{0079] Suitable mixing ratio {i.e., an equivalence ratio [OH/JCOOH]) of a polyol (1) to a polycarboxylic acid (2) is
from 2/1 1o 1/1, preferably from 1.6/1 te 1/1 and more preferably from 1.3/1 to 1.02/1.

[0080] Specific examples of the polyisocyanates (3) include aliphatic polyisocyanates (e.g., tetramethylene diisocy-
anate, hexamethylene diisocyanate and-2,6-diisocyanate methylcaproate); alicyclic polyisocyanates (e.g., isophorone
dilsocyanate and cyclohexylmethane diisocyanate);-aromatic didicosycantes (e.g., tolylene diisocyanate and diphe-
nylmethane diisocyanate); aromatic aliphatic diisocyanates (e. g., , a, o', o'-tetramethyl xylylene diisocyanate); iso-
cyanurates; blocked polyisocyanates in which the polyisocyanates mentioned above are blocked with phenol deriva-
tives, oximes or caprolactams; etc. These compounds can be used alone or in combination.

{0081] Suitable mixing ratio (i.e., [NCOJ[OH]) of a polyisocyanate (3) a polyester is from 5/1 to 1/1, preferably from
4/1 10 1.2/1 and more preferably from 2.5/1 to 1.5/1. When the [NCO)[OH] ratio is too large, the low temperature
fixability of the toner deteriorates. In contrast, when the ratio is too small, the content of the urea group'in the modified
polyesters decreases and thereby the hot-offset resistance of the toner deteriorates. The content of the constitutional
component of a polyisocyanate (3) in the polyester prepolymer (A) having a polyisocyanate group at its end portion is -
from 0.5 to 40 % by weight, preferably from 1 to 30 % by weight and more preferably from.2 to-20 % by weight. When
the content is too low, the hot offset resistance of the toner deteriorates and in addition the heat resistance and low
temperature fixability of the toner also deteriorate. In contrast, when the content istoc high, the low temperature fixability
of the toner deteriorates. .

[0082] The number of the isocyanate group included in-a molecule of the polyester prepolymer {A) is not less than
1, preferably from 1.5 to 3, and more preferably from 1.8 10 2.5. When the number of the isocyanate group is too small,
the molecular weight of the resultant urea-modified polyester decreases and thereby the hot offset resistance deteri-
orate. .

[0083] Specific examples of the amines (B) include diamines (B1).. polyamines (B2) having three or more amino
groups, amino alcohols (B3), amino mercaptans (B4), amino acids (B5) and blocked amines (B6) in which the amines
(B1-B5) mentioned above are blocked. : : e

[0084] Specific examples of the amines (1) include aromatic diamines {e.g., phenylene diamine, diethyltoluene di-
amine and 4,4'-diaminodiphenyl methane); alicyclic diamines (e.g., 4,4'-diamino-3,3'-dimethyldicyclohexyl methane,
diaminocyclohexane and isophoron diamine); aliphatic diamines (e.g., ethylene diamine, tetramethylene diamine and
hexamethylene diamine); etc. : -
[0085] Specific examples of the polyamines {B2) having three or more amino groups include diethylene triamine,
triethylene tetramine Specific examples of the amino alcohols (B3} include ethanol amine and hydroxyethyl aniline.
Specific examples of the amino mercaptan (B4) include aminoethyl mercaptan and aminopropyl mercaptan. Specific
examples of the amino acids include amino propionic acid and amino-caproic acid. Specific examples of the blocked
amines (B6) include ketimine compounds which are prepared by reacting one of the amines B1-BS mentioned above
with a ketone such as acetone, methyl ethyl ketone and methyl isobutyl ketone; oxazoline compounds, eic. Among
these compounds, diamines (B1) and mixtures in which a diamine is mixed with a small amount of a polyamine<(B82).
{0086] The molecular weight of the urea-modified polyesters can be contralled using an elongation anticatalyst, if
desired. Specific examples of the elongation anticatalyst include monoamines (e.g., diethyle amine, dibutyl amine,
butyl amine and lauryl amine), and blocked amines (i.e., ketimine compounds) prepared by blocking the monoamines
mentioned above.

[0087] The mixing ratio (i.e., a ratio [NCOJ[NHx]) of the content of the prepolymer. {A) having an isocyanate group .
to the amine (B) is from 1/2 to 2/1, preferably from 1.5/1 to 1/1.5 and more preferably from 1.2/1 to 1/1.2. When the
mixing ratio is too low or too high, the molecular weight of the resultant urea-modified polyester decreases, resulting
in deterioration of the hot offset resistance of the resultant toner. . .

[0088) The urea-modified polyesters may include an urethane bonding-as well as a urea bonding. The molar ratio
(urea/urethane) of the urea bonding to the urethane bonding is from 100/0 to 10/90, preferably from 80/20 to-20/80
and more preferably from 60/40 to-30/70. When the content of the urea bonding is too low, the hot offset resistance of
the resultant toner deteriorates. ’ . . .
[0089] The urea-modified polyesters can be prepared, for example, by a method such as one-shot methods or pre-
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polymer methods. The weight average molecular weight of the urea-modified polyesters is not less than 10,000, pref-
erably from 20,000 to 10,000,000 and more preferably from 30,000 to 1,000,000. When the weight average molecular .
weight is too low, the hot ofiset resistance of the resultant toner deteriorates. The number average molecular weight
of the urea-modified polyesters is not particularly limited (i.e., the weight average molecular weight should be primarity
controlled so as to be in the range mentioned above). However, when a urea-modified polyester is used alone, the
number average molecular weight is not greater than 20,000, preferably from 1,000 to 10,000 and more preferably
from 2,000 to 8,000. When the number average molecular weight is too high, the low-temperature fixability of the
resultant toner deteriorates, and in addition the gloss of full color images decreases.

Colorant

[0090] Suitable colorants for use in the toner of the present invention include known dyes and pigments. Specific
examples of the colorants include carbon black, Nigrosine dyes, black iron oxide, Naphthol Yellow S, Hansa Yellow
(10G, 5G and G), Cadmium Yellow, yellow iron oxide, loess, chrome yellow, Titan Yellow, polyazo yellow, Oil Yellow,
Hansa Yellow (GR, A, RN and R), Pigment Yellow L, Benzidine Yellow (G and-GR), Permanent Yellow (NCG), Vulcan
Fast Yellow (5G and R), Tartrazine Lake, Quinoline Yellow Lake, Anthrazane Yellow BGL, isoindolinone yellow, red
iron oxide, red lead, orange lead, cadmium red, cadmium mercury red, antimony orange, Permanent Red 4R, Para
Red, Fire Red, p-chloro-o-nitroaniline red, Litho! Fast Scarlet G, Brilliant Fast Scarlet, Brilliant Carmine BS, Permanent
Red (F2R, F4R, FRL, FRLL and F4RH), Fast Scarlet VD, Vulcan Fast Rubine B, Brilliant ScarletG, Lithol Rubine GX,
Permanent Red F5R, Brilliant Carmine 6B, Pigment Scarlet 3B, Bordeaux 5B, Toluidine Maroon, Permanent Bordeaux
F2K, Helio Bordeaux BL, Bordeaux 10B, BON Maroon Light, BON Maroon Medium, Eosin Lake, Rhodamine Lake B,
Rhodamine Lake Y, Alizarine Lake, Thiocindigo Red B, Thicindigo Maroon, -Oil Red, Quinacridone Red, Pyrazolone
Red, polyazo red, Chrome Vermilion, Benzidine Orange, perynone orange, Oil Orange, cobaltblue,-cerulean blue,
Alkali Biue Lake, Peacock Blue Lake, victoria Blue Lake, metal-free Phthalocyanine Blue, Phthalocyanine Blue, Fast

Sky Blue, Indanthrene Blue (RS and BC), Indigo, ultramarine, Prussian blue, Anthraquinone Blue, Fast Violet 8, Methy! - - -

violet Lake, cobalt violet, manganese violet, dioxane violet, Anthraquinone Violet, Chrome-Green, zinc green, chromium
oxide, viridian, emerald green, Pigment Green B, Naphthol Green B, Green Gold, Acid'Green Lake, Malachite<Green
Lake, Phthalocyanine Green, Anthraquinone Green, titanium oxide, zinc oxide, lithopone and the like. These materials
are used alone or in combination. '

[0091] The content of the colorant in the toner is preferably from 0.1 to 50 paris by weight per 100 parts by weight
of the binder resin included in the toner.

Wax

[0092] The toner preferably includes a wax to improve the releasability thereof. Suitable waxes for use in the toner
include waxes having a melting point of from 40 to 120 °C and preferably,from 80 to 110 °C, When the mefting point
of the wax included in the toner is too high, the low temperature fixability of the resultant toner detericrates. To the
contrary, when the melting point is too low, the offset resistance and durability of the resultant toner deteriorate.

[0093] The melting point of waxes can be determined by a method using a differential scanning calorimeter (i.e.,
DSC). Namely, a few milligrams of a sample is heated at a constant heating speed (for example, 10 °C/min)to determine
the temperature at which the sample melis (i.e., the temperature at which a peak due to melting of the sample is

- observed). :

[0094) Specific examples of the waxes include solid paraffin waxes, microcrystalline waxes, rice waxes, fatty acid
amide waxes, fatty acid waxes, aliphatic monoketones, fatty acid metal sali waxes, fatly acid ester waxes, partially-
saponified fatty acid ester waxes, silicone vamishes, higher alcohols, carmnauba waxes, polyolefins such as low me-
tecular weight polyethylene and polypropylene, and the like waxes. In particular, polyolefins having a softening point
of from 70 °C to 150 °C, and preferably from 120 °C to 150 °C, which is determined by a ring and ball method, are
preferable. . o :

Method for manufacturing toner particles

[0095} Then the method of preparing the toner of the present invention will be explained. ;
[0096] The toner of the present invention can be typically prepared by preparing mother toner particles including at

least a colorant and a binder resin and then adhering a charge controlling agent to the surface of the mother toner

particles. The mother toner particles including at least a colorant and a binder resin can be prepared, for example, by

the foilowing method: : )

(1) toner constituents including at least a colorant and a binder resin are mechanically mixed (mixing process);
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{2) the toner constituents are kneaded while heated (kneading process); L
(3) the kneaded mixture is cooled and then pulverized to form a color powder (pulverizing process); and
{4) the color powder is classified to prepare mother toner particles {classifying process).

[0097] The color powder having an undesired particie diameter (hereinafter referred to as a by-product) may be
reused for the next mixing and kneading processes. When the by-preduct is re-used, the mixing ratio of the by-product
to the new raw materials is preferably 1/99 to 50/50 by weight.

[0098] The procedure for the mixing process is not particularly limited, and the toner constituents are merely mixed
mechanically using a known mixer having a rotating blade.

{0099] Inthe kneading process following the mixing process, the mixiure is.contained in a kneader and then kneaded
upon application of heat. Suitable kneaders include the kneaders include single-axis or double-axis continuous knead-
ers and batch kneadefs such as roll mills. Specific examples of the kneaders include KTK double-axis extruders man-
ufactured by Kobe Steel, Ltd., TEM extruders manufactured by Toshiba MachineCo., 1.1d., double-axis extruders man- -
ufactured by KCK Co., Ltd., PCM double-axis extruders manufactured by lkegai-Corp., and KO-KNEADER manufac-
tured by Buss AG. .

[0100] Inthe kneading process, it is important to control the kneading conditions so as not to cut the molecular chains
of the binder resin used in the toner. Specifically, when the mixture is kneaded at a temperature much lower than the .
softening point of the binder resin used, the molecular chains of the binder resin tend to be cut. When the kneading
temperature is much higher than the softening point, the pigment in the mixture.cannot be fully dispersed.

[0101] Inthe pulverizing process, it is preferable that the kneaded mixture is at first crushed to prepare-coarse par-
ticles (hereinafter referred to as a crushing step) and then the coarse particles are pulverized to prepare fine particles
(hereinafter referred to as a pulverizing step). In the pulverizing step, a pulverizing method in which coarse particles

. are pulverized by being collided against a collision plate by jet air or a pulverizing method in which coarse particles

are pulverized at a narrow gap between a mechanically-rotating rotor and a stator is preferably used.

[0102] Inthe classifying process, the color powder is air-classified using centrifugal force to obtain toner particles
{i.e., a mother toner) having a predetermined average particle diameter (for example, from 3 pm to 20 um). Then the
toner particles are subjected to a shape controlling treatment usinga SURFUSION SYSTEM manufactured by HOSO-
KAWA MICRON CORPORATION, HYBRIDIZER manufactured by Nara Machine Industry-Co., Ltd. or the like machine
so as to have a spherical degree of from 0.95 10 0.9S.

Method for manufacturing toner in agueous medium

[0103] The toner of the present invention can be prepared by preparing particles mainly including & binder resin and
a colorant by the method mentioned below, and adhering a charge controlling agent to the surface of the particles.
[0104] The particles can be prepared, for example, by the following methods: :

(1) a colorant dispersed in a resin, which is meited or dissolved in a solvent, is sprayed in the air or added into an
aqueous medium to prepare particles having a particle diameter suitable for toners (resin dispersion methods),
(2) a colorant dispersed in a polymerizable monomer is dispersed in an aqueous medium and then polymerized
to prepare particles having a particle diameter suitable for toners (suspension polymerization methods),

(3) a polymer emulsion is mixed with a colorant and then the mixture is aggregated or coagulated to prepare
particles having a particle diameter suitable for toners (polymer emulsion coagulation methods);

(4) a monomer solution is polymerized to precipitate polymer particles having a particle diameter suitable for toners
(dispersion potymerization methods); etc.

[0105] Among these methods, the suspension polymerization methods and resin dispersion methods are preferable
because spherical particles can be easily prepared. '

[0106] Suitable aqueous medium for use in the toner manufacturing method mentioned above include water and
mixture of water with a solvent which can be mixed with water. Specific examples of such a solvent include alcohols
(e.g., methanol, isopropanol and ethylene glycol), dimethylformamide, tetrahydrofuran, cellosotves {e.g., methyl-cel-
losolve), lower ketones (e.g., acetone and methyl ethyl ketone), etc.

[0107] When the resin dispersion methods are used, the way to incorporate a polymer having a urea bonding in
toner particles is as follows. A dispersion of a prepolymer {A) having an isocyanate group in an aqueous medium is
reacted with an amine (B). Alternatively, a urea-modified polyester resin which is previously prepared may be used.
[0108] In order lo prepare a dispersion in which a urea-modified polyester resin or a prepolymer (A) is stably disper-
sion in an aqueous medium, a method in which toner constituents including a urea-modified polyester or a prepolymer
(A) are added into an aqueous medium and then dispersed upon application of shear stress is preferably used. A
prepolymer (A) and other toner constituents such as colorants, colorant master batches, release agents, charge con-
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trolling agents, unmodified polyester resins, eic. may be added into an aqueous medium at the same time when a
dispersion is prepared. However, it is preferable to add a mixture of the tonerconstituents, which is previously prepared, -
in an aqueous medium. In addition, colorants, release agents, charge controlling agents, etc., are not necessatrily
added to the aqueous dispersion before particles are formed, and may be added thereto after particles are prepared
in the aqueous medium. A method in which particles, which are previously formed without a colorant, are dyed by &'
known dying method-can also be used. :

[0109] The dispersion method is not particularly limited, and low-speed shearing methods, high speed shearing
methods, friction methods, high pressure jetmethods, ultrasonic methods, etc. can be used. Among these methods,
high speed shearing methods are preterable because particles having a particle diameter of from 2 uym to 8 um <an
be easily prepared. N
[0110] When & high speed shearing type dispersion machine is used, the rotation speed is not particularly limited,
but the rotation speed is typically from 1,000 to 30,000 rpm, and preferably from 5,000 t0.20,000 rpm. The dispersion

time is not also particularty limited,-but is typically from 0.1-to 6 minutes. The temperature in the dispersion process is -

typically from 0 to 150°C {under pressure), and preferably from 40 to 88 °C. When the temperature is relatively high,
a urea-modified polyester or a prepolymer (A)-can be easily dispersed because the dispersion has -a low viscosity.
[0111) The weight ratio (T/M) of the toner constituents (T) to aqueous medium (M) is typically from 100/50 to
100/2,000, and preferably from 100/100 to 100/1,000. When the ratio is too large (i.e., the quantity of the aqueous
medium is small), the dispersion of the tonerconstituents in the aqueous medium is notsatisfactory. In-contrast, when
the ratio is too small, the manufacturing costs increase.

[0112) Adispersantcan be preferably used when a dispersion is prepared, to prepare a dispersion including particles
having a sharp particle diameter distribution and to prepare a stable dispersion. :

[0113] Specific examples of the dispersants, whichcan disperse or emulsify an oil phase in which tonerconstituents
are dispersedin an aqueous liquid, include anionic surfactants such as alkylbenzene sulfonic acid salts, a-olefin sulfonic
acid safts, and phosphoric acid salts; cationic surfactants such as amine salts (e.g., alkyl amine salts, aminoaicohol
fatty acid derivatives, polyamine fatty acid derivatives and imidazoline), and quaternary ammonium salits {e.g., alkylt-
rimethyl ammonium salts, dialkyldimethyl ammonium salts, alkyldimethyl benzyl ammonium salts, pyridinium salts,
alkyl isoquinolinium salts and benzethonium chioride); nonionic surfactants such as tatty acid amide derivatives, pol-
yhydric alcohol derivatives; and ampholytic surfactantssuch as alanine, dodecyldi(aminoethyl)glycin, di)octylaminoeth-
yle)glycin, and N-alkyl-N,N-dimethylammonium betaine.

{0114] By using a surfactant having afluoroalkyl group, a dispersion having good dispersibility-can be prepared even
when a small amount of the surfactant is used. Specific examples of anionic surfactants having a fluoroalkyl group
include fiuoroatky! carboxylic acids having from 2 to 10 carbon atoms and their metal salts, disodium perfiuerooc-
tanesulfonylglutamate, sodium 3-{omega-fluoroalkyl{C6-Cll)oxy}-1-alkyl {C3+C4) sulfonate, sodium 3-{omega-{luoro-
alkanoyl(C6-C8)-N-ethylamino}-1-propanesulfonate, fluoroalkyl{C11-C20)-carboxylic acids and their metal satts, per-
fluoroalkylcarboxylic acids and their metal salts, perfluorocalky!(C4-C12)sulfonate and their metal salts, perfluorooc-
tanesulfonic acid diethanol amides, N-propyl-N-(2-hydroxyethyl)perfluorooctanesulfone amide, perflyoroalkyl
{C6-C10)sulfoneamidepropyltrimethylammenium saits, safts of perfluoroalky{C6-C10)-N-ethyisulfonyl glycin, monop-
erfluoroalkyl (C6-C16)ethylphosphates, elc.

[0115) Specific examples of the marketed products of such surfactants include SURFLON S-111, §-112 and S§-113,
which are manufactured by Asahi'Glass Co., Ltd.; FRORARD FC-93, FC-95,FC-98 and +C-129, which are manufac-
tured by Sumitomo 3M Ltd.; UNIDYNE DS-101 and DS-102, which are manufactured by Daikin Industries, Ltd.; MEG-
AFACE F-110, F-120, F-113, F-191, F-812 and ¥-833 which are manufactured by Dainippon Ink and Chemicals, Inc.;
ECTOP EF-102, 103, 104, 105, 112, 123A, 306A, 501, 201 and 204, which are manufactured by Tohchem Products
Co., Ltd.; FUTARGENT F-100 and F150 manufactured by Neos; etc.

[0116] Specilic examples of the cationic surfactants, which can disperse an oil phase including toner constituents in
water, include primary, secondary and tertiary aliphatic amines having a fluoroatkyl group, aliphatic quaternary ammo-
nium salts such as perfluoroalkyl(CB-C10)sulfoneamidepropy'trimethylammonium salts, benzatkonium salts, benzeto-
nium chioride, pyridinium salts, imidazolinium salts, €tc. ‘Specific examples of the marketed products thereof include

"SURFLON S-121 (from Asahi Glass<Co., Ltd.); FRORARD FC-135 (from Sumitomo 3M Ltd.); UNIDYNE DS-202 (from

Daikin Industries, Ltd.) ; MEGAFACE F-150 and £-824 (from Dainippon Ink and Chemicals, Inc.); ECTOP EF-132 (from
Tohchem Products Co., Ltd.); FUTARGENT F-300 (from Neos), etc. .
[0117] In addition, inorganic dispersants, which are hardly soluble in water, such as tricalcium phosphate,-calcium
carbonate, titanium oxide, colloidal silica, and hydroxyapatite can also be used.. - )

[0118] Further, itis possible to stably disperse toner constituents in water using a polymeric protectioncolioid. Specific
‘examples of such protection colloids include polymers and copolymers prepared using monomers such as acids {e.
g., acrylic, acid, methacrylic acid, a-cyanoacrylic acid, a-cyanomethacrylic acid, itaconic acid, crotonic acid, fumaric
acid, maleic acid and maleic anhydride), acrylic monomers having a hydroxyl group {e.g., B-hydroxyethyl acrylate, -
hydroxyethyl methacrylate, B-hydroxypropyl acrylate, B-hydroxypropy! methacrylate, y-hydroxypropyl acrylate, y-hy-
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droxypropyl methacrylate, 3-chioro-2-hydroxypropyl acrylate, 3-chloro-2-hydroxypropyl methacrylate, diethylenegly-
colmonoacrylic acid esters, diethyleneglycolmonomethacrylic acid esters,-glycerinmonoacrylic acid-esters, N-methyl-
olacrylamide and N-methylolmethacrylamide), vinyl alcohol and its ethers {e.g., vinyl methyl ether, vinyl ethyl ether and
vinyl propyl ether), esters of viny! alcohol with acompound having a carboxyl group (i.e., vinyl.acetate, vinyl propionate
and vinyl butyrate); acrylic amides (e.g, acrylamide, methacrylamide and diacetoneacrylamide) and their methylol.com-
pounds, acid chlorides (e.g., acrylic acid chloride and methacrylic acid chloride), and monomers having a nitrogen
atom or an alicyclic ring having a nitrogen atom (e.g., viny! pyridine, vinyl pyrrolidone, vinyl imidazole and ethylene
imine).

[0119] In addition, polymers such as polyoxyethylene compounds (e.g., polyoxyethylene, polyoxypropylene, poly-
oxyethylenealkyl amines, polyoxypropylenealkyl amines, polyoxyethylenealkyl amides, polyoxypropylenealkyl amides,
polyoxyethylene nonylphenyl ethers, polyoxyethylene laurylphenyl ethers, polyoxyethylene stearylphenyl esters, and
polyoxyethylene nonylphenyl esters); and cellulose compounds such as methyl cellulose, hydroxyethyl celiulose and
hydroxypropyl cellulose, can also be used as the polymeric protective colloid.

[0120] When compounds such as caicium phosphate which are soluble in an acid or alkali are used as a dlspersmn
stabilizer, the resultant particles are preferably added into an acid such as hydrochloric acid and then washed with
water to remove calcium phosphate from the particles. In addition, calcium phosphate.can be removed using a zymolyllc
method.

[0121] When a dispersant is used, the resuitant particles are preferably washed after the particles are subjected to
an elongation and/or a crosslinking reaction to impart good charge ability to the particles.

[0122] When an aqueous dispersion or emulsion is prepared, a solvent which can dissolve the urea-modified poly- :
ester or prepolymer (A) used is preferably used because the resultant particles have a sharp particle diameter distri-
bution. The solvent is preferably volatile and has a boiling point lower than 100 °C because of easily removed from
the dispersion after the particles are formed.

[0123) Specific examples of such a solvent include toluene, xylene, benzene, carbon tetrachloride, methylene chlo-
ride, 1,2-dichloroethane, 1,1,2-trichloroethane, trichloroethyle ne,chloroform, monochlorobenzene, dichloroethylidene,
methyl acetate, ethyl acetate, methyl ethyl ketone, methy! isobutyl ketone,etc. These solvents can be used alone or
in combination. Among these solvents, aromatic solvents such as toluene and xylene; and halogenated hydrocarbons
such as methylene chloride, 1,2-dichloroethane, chloroform, and carbon tetrachloride are preferably used. ‘
[0124) The addition quantity of such a solvent is from 0 to 300 parts by weight, preferably from O to 100 and more
preferably from 25 to 70 parts by weight, per 100 parts by weight of the prepolymer (A) used. When such a solvent is
used to prepare a particle dispersion, the solvent is removed upon application of heat thereto under a normal or reduced
pressure after the particles are subjected to an elongation treaiment and/or a.crosslinking treatment.

[0125) The elongation time and/or crosslinking time of the particles are determined depending on the reactivity of
the isocyanate of the prepolymer (A) used with the amine used. However, the elongation time and/or crosslinking time
are typically from 10 minutes to 40 hours, and preferably from 2 to 20 hours. The reaction temperature is typically from
0 to 150 °C and preferably from 40 °C to 98 °C. in addition, known catalysts such as dlbutyl tin laurate and dloctyl tin
laurate can be added, if desired, when the reaction is performed.

[0126] In order to remove an organic solvent from the thus prepared emulsion or dispersion, a method in which the
emulsion or dispersion is gradually heated to perfectly evaporate the organic solvent in the drops of the oil phasecan
be used. Alternatively, a method in which the emulsion or dispersion is sprayed in a dry environment to dry the organic
solvent in the drops of the oil phase and water in the dispersion, resulting in formation of toner particles, can be used.
Specific examples of the dry environment include gases of air, nitrogen,-carbon dioxide, combustion gas, etc., which
are preferably heated to a temperature not lower than the boiling point of the solvent having the highest boiling point
among the solvents used In the emulsion or dispersion. Toner particles having desired properties-can be rapidly-pre-
pared by performing this treatment using a spray dryer, a belt dryer, a rotary kiln, etc.

[0127] When the thus prepared toner particles have a wide particle diameter distribution even after the particles are
subjected to a washing treatment and a drying treatment, the toner particles are preferably subjected to a<classification
treatment using a cyclone, a decanter or a method utilizing centrifuge to remove fine particles therefrom. However, it
is preferable to perform the classification operation in the liquid having the particles in view of efficiency. The toner
particles having an undesired particle diameter can be reused as the raw materials for the kneadmg process."Such .
toner particles for reuse may be in a dry condition or a wet condition.

[0128] The dispersant used is preferably removed from the particle dispersion. The dispersant is preferably removed
from the dispersion when the classification treatment is performed. -

{0128] The thus prepared toner particles are then mixed with one or more other particulate materials such as release
agents, charge controlling agents, fluidizers and colorants optionally upon applucatlon of mechanical impact thereto to
fix the particulate materials on the toner particles.

[0130] Specific examples of such mechanical impact application.methods include methods in whlch a mixture is
mixed with a highly rotated blade and methods in which a mixture is put into a jet air to collide the particles against
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each other or a collision plate. ’

[0131] - Specific examples of such mechanical impact applicators include ONG MILL (manufactured by Hosokawa
Micron Co., Ltd.}, modified | TYPE MILL in which the pressure of air used for pulverizing is reduced (manufactured by
Nippon Pneumatic Mfg. Co., Ltd.), HYBRIDIZATION SYSTEM (manufactured by Nara MachineCo., Lid.), KRYPTRON
SYSTEM (manufactured by Kawasaki Heavy Industries, Ltd.), automatic mortars, etc. . o
[0132] The toner of the present invention includes & charge controlling agent. Specific examples of the charge-con-
trolling agent include known charge controlling agents such as Nigrosine dyes, triphenylmethane dyes, metal-complex
dyes including chromium, chelate compounds of molybdic acid, Rhodamine dyes, alkoxyamines, quaternary ammo-
niumn salts (including fluorine-modified quaternary ammonium satts), alkylamides, phosphor and compounds including
phosphor, tungsten and compounds including tungsten, fluorine-containing activators, metal salts of salicylic acid,
salicylic acid derivatives, etc. ' .
[0133] Specific examples of the marketed products of the charge controlling agents include BONTRON 03 (Nigrosine
dyes), BONTRON P-51 (quaternary ammonium salt), BONTRON S-34 (metal-containing azo dye), E-82:{metal com-
plex of oxynaphthoic acid), E-84 (metal complex of salicylic acid), and E-B9 (phenolic condensation product), which
are manufactured by Orient Chemical Industries Co., Ltd.; TP-302 and TP-415 (molybdenum-complex of quaternary
ammonium salt), which are manufactured by Hodogaya Chemical Co., Ltd.;COPY CHARGE PSY VP2038 (quaternary
ammonium salt), COPY BLUE (triphenyl methane derivative), COPY-CHARGE NEG VP2036 and NX VP434 (quater-
nary ammonium salt), which are manufactured by Hoechst AG; LRA-901, and LR-147 {boron.complex), which are
manufactured by Japan Carlit Co., Ltd.; copper phthalocyanine, perylene, quinacridone, azo pigments and polymers
having a functional group such as a sulfonate group, a carboxyl group, 8 quaternary’ ammonium group, etc.

[0134] Among these compounds, metal complexes and metal salts of salicylic acid and its derivatives are preferable.
[0135] Suitable charge controlling agents for use in the toner of the present invention include crystalline compounds
which can be easily pulverized upon application of stress so as to be fine particles having a particle diameter of about
1 um. The charge controlling agent may be included in toner particles. The content of the charge-controlling agent in
the toner composition is preferably from 0.01 to 2 parts by weight, preferably from 0.05 to 1 part and more preferably
from 0.1 1o 0.5 parts by weight, per 100 parts by weight of a particulate resin including a coloring agent.

[0136] Among the charge controlling agents mentioned above, metal salls of salicylic acid and its derivatives are
preferably used. ) -
[0137] Specific examples of the metal salts of salicylic acid derivatives include compounds having the following

formula:

3 .

OH Me2+

COO.2

wherein R?, R* and RS independently represent a hydrogen atom, an alkyl group having from 1 to 10-carbon atoms
(preferably from 1 to 6) carbon atoms or an allyl group; and Me represents a metal selected from zinc, nickel, cobalt,
copper or chrome.

[0138] The above-mentioned metal salts of salicylic acid derivatives can be easily formed, for example, by a method
described in CLARK, J. L. Kao. H(1948) J. Amer. Chem. Soc. 70, 2151, For example, 2 moles of sodium salicylate (or
a sodium salt of a salicylic acid derivative) and 1 mole of zinc chloride are mixed in a solvent, and the mixture is heated
and agitated to fonm a zinc salt of salicylic acid (or salicylic acid derivative). The metal salt is a white -crystal, and
therefore even when the metal salt is dispersed in a binder resin, the mixture does not color. Metal salts other than
zinc salts can also be prepared similarly to the above-mentioned method.

[0139]) The weight ratio of a metal complex or metal salt of salicylic acid (or a salicylic acid derivative) to a binder
resin is 0.1/100 to 10/100 by weight and preferably from 0.6/100 to 5/100 by weight. ’
[0140] Specific examples of the metal complexes or metal salts of salicylic acid (or salicylic acid derivatives) include
the following compounds: ) :
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External particulate additive

[0141] Inorganic fine particles are typically used as an extemal particulate additive (hereinafier referred to as an
external additive). Inorganic particulate materials having a primary particle diameter of from S nmto 2 um, and preferably
from 5 nm to ‘500 nm, are preferably used. The surface area of the inorganic particulate materials is preferably from
20 to 500 m2/g when measured by a BET method. ’
[0142] The content of the inorganic particulate material is preferably from 0.01 % to 5.0 % by weight, and more
preferably from 0.01 % to 2.0 % by weight, based on the total weight of the toner.

[0143] Specific examples of such inorganic particulate materials include silica, alumina, titanium oxide, barium titan-
ate, magnesium titanate, calcium titanate, strontium titanate, zinc oxide, tin oxide, quarz sand, clay, mica, sand-lime,
diatom earth, chromium oxide, cerium oxide, red iron oxide, antimony trioxide, magnesium oxide, zirconium oxide,
barium sulfate, barium carbonate, calcium carbonate, silicon carbide, silicon nitride, etc.

[0144] Particles of a polymer such as polystyrene, polymethacrylates, and polyacrylate copolymers, which are pre-
pared by a polymerization method such as soap-free emulision polymerization methods, suspension polymerization
methods and dispersion polymerization methods; particles of a polymer such as silicone, benzoguanamine and nylon,
which are prepared by a polymerization method such as polycondensation metheds; and particles of a thermosetting
resin can also be used as the external additive of the toner of the present invention.

[0145] The external additive is preferably subjected to & hydrophobizing treatment to prevent deterioration ‘of the
fluidity and charge properties of the resultant tener particularly under high humidity conditions. Suitable hydrophobizing
agents for use in the hydrophobizing treatment include silicone oils, silane coupling agents, silylation agents, silane
coupling agents having a fluorinated alkyl group, organic titanate coupling agents, aluminum coupling agents, etc.
[0146) In addition, the toner preferably includes a cleanability improving agent which can impart good cleaning prop-
erly to the toner such that the toner remaining on the surface of an image bearing member such as a photoreceptor
even afier a toner image is transferred can be easily removed. Specific examples of such a-cteanability improving
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agent include fatty acids and their metal salts such as stearic acid, zinc stearate, and-calcium stearate; and particulate
polymers such as polymethylmethacrylate and polystyrene, which are manufactured by a method such as soap-free
emulsion polymerization methods.

{0147] Particulate resins having a relatively narrow particle diameter distribution and a volume average particle di-
ameter of from 0.01 um to 1 pm are preferably used in the toner of the present invention.

Method for treating the surface of mother toner.particles

[0148] Inthe presentinvention, the mothertoner particles including a colorant and a binder resin as main components
are then mixed with a charge controlling agent in a container using a rotor. Thus the resultant toner particles are
charged. Specifically, mother toner particles and a charge controlling agent is contained in the agitator mentioned
above, and then the mixture is- mixed for a few seconds to tens of minutes by a rotor whose rotating speed is preferably
from 40 to 150 m/s and more preferably from 60 to 120 m/s. This operation may be repeated to complete the treatment.
When the mother toner particles used are strongly cohesive, it is preferable that only the mother toner particles are
previously agitated by the rotor whose rotating speed is tens m/s and then a charge controlling agent is added to the
mother toner particles such that the mixture is subjected to the mixing treatment.

f0149] The mixer for use in the mixing treatment will be explained referring to Fig. 3to 7.

f0150) Fig. 3 is a schematic view illustrating the cross section of a Henshe! mixer which is conventionally used as a
mixer. In Fig. 3, numerals 1, 2 and 3 denote a vessel, an agitating blade and a driving-shaft.

[0151] Fig. 4 is a schematic view illustrating the cross section of an embodiment of the mixer for use in the present
invention. in Fig. 4, numerals 4, 11, 21 and 31 denote a cylindrical member, a vessel, an agitating blade and a driving
shaft.

{0152] in Fig. 4, the agitating blade 21 is arranged at a bottomn portion of the vessel 11. The cylindrical member 4 is
located at a position in an extension direction of the driving shaft 31. A mixture of mother toner particles with an additive
such as charge controlling agents is agitated by the agitating blade 21. The scattered mixture is received by the outside
wall of the cylindrical member, resulting in decrease of the kinetic energy of the mixture, and thereby the mixture falls
toward the agitating blade 31 (i.e., the mixture is re-supplied to the agitating blade). By performing the mixing treatment
using such a mixer, the additive can be uniformly mixed with the mother particles without-causing the toner adhesion
problem in which the toner adheres 1o the wall of the mixer, the shear stress decreasing problem and the mixture
deposition problem.

[0153] Fig. 5 is a schematic view illustrating the cross section of a Q-form mixer for use in the present invention. In
Fig. 5, numerals 41, 12, 22, 32 and 5 denote a cylindrical member, a vessel, an agitating blade, a driving-shaft, ahd a
bottom of the vessel.

[0154] In Fig. 5, the bottom 5 of the vesse! has a flat circular shape and the driving shaft 32 is arranged so as to
vertically pass through the center of the bottom 5. The driving shat 32 has the agitating blade 22. The agitating blade
22 rotates to scatter a mixture of mother toner particles with an additive upwardly from the periphery of the bottom 5.
The cylindricalmember 41 is arranged in an extension direction of the driving shaft 32. The scattered mixture is received
by an outside wall OW of the cylindrical member, resulting in decrease of the kinetic energy of the mixture, and thereby
the mixture falls to the agitating blade 22 (i.e., the mixture is re-supplied toward the agitating blade 22). By performing
the mixing treatment using such a mixer, the additives can be umformiy fixed on the mother particles, and thereby the
resultant toner has good durability.

[0155]) Since the inside wall of the vessel 12 is rounded, the mixture.contaets the inside wall while moving along the
inside wall (namely, the mixture is not vertically collided against the |nS|de wall), the adhesion of the mixture onthe -
inside wall can be prevented.

[0156] The cylindrical member 41 preferably has a circle or polygonai cross-section to perform the function{namely,
when the cylindrical member 41 has such a shape, the circled air is smoothly flown, and thereby the mixing treatment
can be uniformly performed). ’ ' ’ |

[0157] The central portion of the vessel 12 has a relatively low pressure compared to other portions thereof. There-
fore, by discharging the shaft sealing air to the outside through the cylindrical member 41, the mixture tends not move
into the cylindrical member 41. Therefore, uniform mixing can be performed. :
[0158] Fig. 6 is a schematic view illustrating another embodiment of the Q-form mixer for use in the present invention
(the driving shafi and agitating blade are not illustrated) . In Fig. 6, the neck (a) of the cylindrical member is rounded,
and the tip (b) of the cylindrical member has a trumpet form. In‘Fig. 6, the height (H) and width (R1) of the vessel 12
and the length (L) and inside diameter (R2) of the cylindrical member 41 are defined.

[0159] In order that the cylindrical member 41 effectively functions, the height H of the vessel 12 and the Iength L of
the cylindrical member 41 preferably satisty the following relationship:
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L = HAo.

[0160] When the length L is too short, the mixture to be treated tends to move into the cylindrical member 41.-
[0161] In addition, in order to prevent the shear stress decreasing problem (in order to uniformly performing the
mixing treatment), the following relationship is preferably satisfied:

Lz HA.

[0162] Further, the inside diameter R2 of the cylindrical member is preferably not smaller than R1/10. When the
inside diameter is too small, the kinetic energy decreasing function is not fully exerted, and thereby the shear stress’
decreasing problem occurs. ) : ’ ) .
[0163] When the tip portion of the cylindrical member 41 has a trumpet shape (b) as shown in Fig. 6, the effect of
preventing the mixture from moving into the cylindrical member 41 can be further effectively exerted. ' '
{0164] In addition, when the cylindrical member 41 has the rounded neck (a) as shown in Fig. 8, the mixiure to be
treated can be smoothly circulated, and thereby deposition of the mixiure on the inside wall of the vessel 12 can be
effectively prevented. ) -

[0165] !nthe Q-form mixer as shown in Fig. 6, a mixture can be mixed while the agitating biade is rotated at a rotation -
speed of from 50 m/s to 150 mis. ' ' '

[0166] 't is preferable to perform a preliminary mixing treatment in which mother toner particles including at least a
resin and a colorant and an additive such as charge controlling agents are mixed at a rotation speed lower than 50 m/
s, and then the mixing treatment is performed at a rotation speed not lower than 50 mvs. By usingsuch a mixing method,
the mixing treatment can be performed uniformly and in addition the resultant toner has good charge rising property.

" In addition, when a charge controlling agent having a weight average particle diameter not greater than 3 pmis used,

a further uniform mixing treatment can be performed, and thereby the resultant toner has a further improved charge
rising property. - ' : :

[0167) Fig.7 is aschematic view illustrating a comparative Q-form mixer used in Comparative Example 6 mentioned
below. In Fig. 7, numerats 13, 23 and 33 denote a vessel, an agitating blade and a driving shaft.

[0168]) In order to improve the fluidity of the toner, an external additive may be added in this mixing treatment. The

timing of adding the external additive is as follows:

(1) an extemal additive is added to the mother toner particles before a charge controlling agent is added to the
moather toner particles; '

(2) an extemal additive is added to the mother toner particles together with a charge controlling agent;

(3) an external additive is added to the mother toner particles after a charge controlling agent is added to the
mother toner particles; and

(4) an external additive, which can improve the fluidity of the mother toner particles, is added to the mother toner
particles together with a charge controlling agent, and then another extemal additive, which can improve the de-
veloping properties and transferring properties of the resultant toner, is added to the mixture. - :

Two components developer

[0169] The toner of the present invention can be used for a two-component developer in which the toner is mixed
with a magnetic carrier. The weight ratio (T/C) of the toner (T) to the carrier (C) is preferably from 1/100 to 10/100.

' [0170] Suitable carriers forusein the two component developer include known carrier materials such as iron powders,

ferrite powders, magnetite powders, magnetic resin carriers, which have a particle diameter of from about 20 to about
200 pm. The surface of the carriers may be coated by a resin.

{0171} Specific examples of such resins to be coated on the carriers include amino resins such as urea-formaldehyde
resins, melamine resins, benzoguanamine resins, urea resins, and polyamide resins, and epoxy resins. In addition,
vinyl or vinylidene resins such. as acrylic resins, polymethylmethacrylate resins, polyacrylonitirile resins, polyvinyl ac-
etate resins, polyvinyl alcohol resins, polyvinyl butyral resins, polystyrene resins, styrene-acrylic copolymers, halogen-
ated olefin resins such as polyvinyl chloride resins, polyester resins such as polyethyleneterephthalate resins and
polybutyleneterephthalate resins, polycarbonate resins, polyethylene resins, polyvinyl fluoride resins, polyvinylidene
fluoride resins, polytrifiuoroethylene resins, polyhexafluoropropylene resins, vinylidenefluoride-acrylate copolymers,
vinylidenefluoride-vinyHflucride copoiymers, copolymers of tetrafluoroethylene, vinylidenefluoride and other monomers
including no fluorine atom, and silicone resins.

[0172] If desired, an electroconductive powder may be inciuded in the toner. Specific examples of such electrocon-
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ductive powders include metal powders, carbon blacks, titanium oxide, tin oxide, and zinc oxide. The average particle
diameter of such electroconductive powders is preferably not greater than 1 um. When the particle diameter is too
large, it is hard to control the resistance of the resultant toner.

[0173] The toner of the present invention can also be used as a one-component magnetic developer or a one-com-
ponent non-magnetic developer.

Full color image developing method

[0174] When the toner of the present invention, which has the specific spherical degree and specific quantity ratio
(M/T) of the charge controlling agent, is preferably used for full color image forming methods using non-magnetic one
component developer and full color image forming methods using a two-component developer because uniform half-
tone images can be produced.

[0175] Inaddition, the toner of the present invention can also be preferably used for image forming methods in which
a toner image is first transferred on an intermediate transfer medium and then transferred onto a receiving material
because high quality toner image can be transferred at a high transfer efficiency. Specifically, by repeating an image
forming operation using color toners in which a color image (such as yellow, magenta,.cyan and black images) formed
on an image bearing member is transferred on a receiving material, a full color image is formed on the receiving .
material. In this case, at least one of the color toners is the toner of the present invention. The resultant full color image
has good halftone reproducibility.

[0176] In this full color image forming method, & developing device having plural developing sections for forming
plural colortonerimages is used. Each of the developing sections has a developing roller configuredto bear a developer
layer thereon and a regulating blade configured to control the thickness of the developer layer. Electrostatic latent
images, which correspond to the respective color images and which are formed on the image bearing member one by
one, are developed by the developing sections, resulting in formation of color toner images on the image bearing
member one by one. The color toner image is then transferred on a receiving material one by one to form a fuli color
image. The electrostatic latent images can be formed by, for example, charging a photoreceptor (i.e., image bearing
member) with a charger using an electroconductive brush and then iradiating the photoreceptor with imagewise light.
[0177] The color toners may be transferred on an intermediate transfer medium to form a full color image thereon.
The full color image is then transferred on a receiving material. :
[0178] In the full color image forming method, plural image bearing members may be used to form the respective
color toner image thereon. The plural color toner images are transferred on an intermediate transfer medium or a
receiving material.

[0179] In the developing process, a reverse developing method is preferably used in which an electrostatic latent
image is developed with a deveioper having a charge whose polarity is the same as that of the electrostatic latent image.
[0180] In addition, it is preferable that an electrostatic latent image on a photoreceptor is developed with a developer
layer formed on the developing roller while the developer directly contacts the photoreceptor and the developing roller
is rotated at a speed higher than that of the photoreceptor. ’

[0181] When the toner of the present invention is used forimage forming apparatus having a-corotron transfer device,
the transferability of toner images can be improved. However, the effect of the toner-can be fully exerted when the
toner is used for image forming apparatus in which toner images are transferred from an image bearing member to a
receiving material (or an intermediate transfer medium) while transfer means such as a transfer roller presses the
receiving material (or an intermediate transfer medium) toward the image bearing member.

[0182] Having generally described this invention, further understanding.can be obtained by reference to certain spe-
cific examples which are provided herein for the purpose of illustration only and are not intended to be limiting. In the
descriptions in the following examples, the numbers represent weight ratios in parts, unless otherwise specified.

EXAMPLES

Example 1

Preparation of cyan toner

[0183] The following components were mixed and agitated in a flasher.

Water 600
Pigment Blue 15:3 aqueous cake 1200
(solid content of 50 %)
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[0184] Then 1,200 parts of a polyester resin having an acid value of 3, a hydroxyl value of 25, a weight average
molecular weight Mw of 15,000, a Mw/Mn ratio of 4.0, a peak molecular weight of 12;500 and a transition temperature
of 60 °C were added to the mixture, and kneaded at 150 °C for 30 minutes. Then 1,000 paris of xylene were added
thereto, and further kneaded for 1 hour. After water and xylene were removed therefrom, the residue was-cooled by
rolling and then pulverized by a pulverizer. Then the powder was kneaded twice by a three-roli mill. Thus a cyan pigment
master batch was prepared.

[0185] Then the following components were mixed.

The polyester resin mentioned above : ' 100
The cyan pigment master baich prepared above : 3
Zinc salicylate derivative serving as Charge controlling agent (BONTRON €E-84 from-Orient Chemical |.2:25 Ltd.)
Industries Co., .

| Camauba wax - : s

[0186] The mixture was mixed by & mixer and then melted and kneaded by a two-roll milt at 150 °C. Then the mixture
was cooled by rolling. The mixture was pulverized by a pulverizer (i TYPE MILL manufactured by Nippon Pneumatic
Mtg. Co., Ltd.) which is a jet mill using a colfision plate and in which compressed air of 4 kg/cm? is used. Then the
pulverized mixture was air-classified by a classifier (DS ‘CLASSIFIER manufactured by Nippon Pneumatic Mfg. Co.,
Ltd.) which uses circling air. Further the classified mixture was subjected to a sphering treatment using a SURFUSION
SYSTEM manufactured by Hosokawa Micron at-250 °C while fed 1o the system at a speed of 1 kg/hr. Thus spherical
colored toner particles {i.e., a mother toner) were prepared.

_[0187] Then the following components were mixed in a-Q type mixer manufactured by Mitsui Mining<Co., 11d.

1 The mother toner prepared above | 100
-Charge controlling agent 0.25
(BONTRON £-84)

4

[0188] The mixing conditions were as follows:

‘Rotation speed of turbine blade: 50 mvs ‘ )
Mixing operation: 5 cycles of a mixing operation for 2 minutes followed by a pause for 1 minute

{0189] Then 0.5 parts of a hydrophobic silica (H2000 manufactured by Clariant Japan K.K. were added to the mixture
and the mixture as an external additive was mixed in the-Q mixer under the following conditions: o

Rotation s'peed of turbine blade: 15 mvs
Mixing operation: 5 cycles of a mixing operation for 30 seconds followed by a pause for 1 minute

[0190] 'Thus, a cyan toner of Example 1 was prepared.

Example 2

[0191] The procedure for preparation of the toner in Example 1 was repeated except that the addition quantity of the
charge controlling agent (i.e., BONTRON E-84) was changed from 0.26 to 0.50.
[0192] Thus, a cyan toner of Example 2 was prepared.

Example 3

{0193] The procedure for preparation of the toner in £xample 1 was repeated except that the temperature of the
sphering treatment was changed from 250 °C to 300 °C.
[0194] Thus, a cyan toner of Example 3 was prepared.

Example 4

{0195] The procedure for preparation of the toner in Example 2 was repeated except that the temperature of the
sphering treatment was changed from 250 °C to 300 °C.
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{0196] Thus, a cyan toner of Example 4 was prepared.

Example §

{0197] The procedure for preparation of the toner in Example 1 was repeated except that the temperature of the
sphering treatment was changed from 250°C to 300°C and the rotation speed of the turbine blade in the surface
treatment was changed from 50 m/s to 160 m/s.

[0198] Thus, a cyan toner of Example § was prepared.

Example 6

[0199] The procedure for preparation of the toner in Example 1 was repeated except that the temperature of the
sphering treatment was changed from 250 °C to 300 °C and the rotation speed of the turbine biade in the surface
treatment was changed from 50 m/s to 80 m/s.

[0200] Thus, a cyan toner of Example 6 was prepared.

Example 7

[0201] The procedure for preparation of the toner in Example 1 was repeated except that the temperature of the
sphering treatment was changed from 250°C to 300°C and the rotation speed of the turbine blade in the surface
treatment was changed from 50 mv/s to 120 mys. " -

{0202] Thus, a cyan toner of Example 7 was prepared.

Example 8

[0203] The procedure for preparation of the toner in €xample 4 was repeated except that the charge controlling agent
of 2.25 parts was not included in the toner constituents mixture and the addition quantity of the charge controlliing agent
added in the mixing process was changed from 0.50 to 0.05.

[0204] Thus, a cyan toner of Example 8 was prepared.

Example 9

[0205]) The procedure for preparation of the toner in Example 4 was repeated except that thechafgecomrolling agent
of 2.25 parts was not included in the toner constituents mixture and the addition quantity of the charge-controlling agent

. added in the mixing process was changed from 0.50 to 0.25.

[0206] Thus, a cyan toner of Example 9 was prepared.

Example 10

{0207) The procedure for preparation of the toner in Example 4 was repeated except that the charge-controiling agent
of 2.25 parts was not included in the toner constituents mixiure and the addition quantity of the-.charge-controlling agent
added in the mixing process was changed from 0.50 to 1.0.

[0208] Thus, a cyan toner of Example 10 was prepared.

Example 11

[0209] The procedure for preparation of the toner in Example 4 was repeated except that the air pressure in the
pulverization process was increased from 4 kg/cm? to 6 kg/em? and the speed of the circling air in the classification
process was increased.

[0210] Thus, a cyan toner of Example 11 was prepared.

Example 12

[0211] The procedure for preparation of the toner in Example 4 was repeated except that the air pressure in the
pulverization process was increased from 4 kg/cm? to 6 kg/cm?. ’
[0212] Thus, a cyan toner of Example 12 was prepared.
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Example 13

[0213] The procedure for preparation of the toner in Example 4 was repeated except that the air pressure in the
pulverization process was increased from 4 kg/em2to 5 kg/cm?2 and the speed of the circling air in the classification
process was increased. '

[0214] Thus, a cyan toner of Example 13 was prepared.

Example 14

[0215] The procedure for preparation of the toner in Example 4 was repeated except that the air pressure in the
pulverization process was increased from 4 kg/cm? to 5 kg/em?.
[0216] Thus, a cyan toner of Example 14 was prepared.

Example 156

[0217] The following components were mixed with TK HOMOMIXER (manufactured by Tokushu Kika Kogyo Co.,
Ltd.) at 60 °C, wherein the rotation speed of HOMOMIXER was 12,000 rpm to prepare a dispersant.

Styrene ' ' : 165
n-butyl acrylate 35
Pigment Blue 15:3 aqueous cake 10
(solid content of 50 %) '
Styrene-methacrylic acid copolymer 8
Paraffin wax (melting point of 70 °C) 20

[0218] Ten (10) paris of 2,2-azobis(2,4-valeronitrile) was added to the dispersion to be dissolved therein. Thus a
polymerizable monomer composition was prepared.

[0219] On the other hand, 450 parts of 0.1M sodium phosphate were added to 710 parts of deionized water. Then
68 parts of 1.0 M calcium chloride were gradually added to the mixture while the mixture was agitated by a TK HOM-
OMIXER et a rotation speed of 13,000 rpm to prepare a suspension in which tricalcium»phospha'te is dispersed.
[0220] The polymerizable monomer composition was added to the suspension and the mixture was agitated for 20
minutes by a TK HOMOMIXER at a rotation speed of 10,000 rpm to form particles of the polymerizable monomer
composition. The thus prepared dispersion was contained in a reaction vessel having a stirrer, and then reacted at a
temperature of from 75 to 95 °C for 5 to 15 hours. Then hydrochloric acid was added thereto'to dissolve and remove
tricalcium phosphate therefrom. Further, the dispersion was subjected to a classification treatment using a centrifugal
separator to classify the particles in a liquid phase using a centrifugal sedimentation method. Then the dispersion was
filtered, and the cake was washed and then dried to prepare a colored particulate material.

[0221] Then the following components were mixed in a Q type mixer manufactured by Mitsui Mining Co., Ltd.

The colored particulate material prepared above | 100
Charge controlling agent 0.256
(BONTRON E-84)

[0222] The mixing conditions were as follows:

Rotation speed of turbine blade: 80 mv/s ‘
Mixing operation: 5 cycles of a mixing operation for 2 minutes followed by a pause for 1 minute

[0223] Then 0.5 parts of a hydrophobic silica (H2000 manufactured by Clariant Japan K.K. were added to the mixture
and the mixture was mixed in the Q mixer under the following conditions:

Rotation speed of turbine blade: 15 nvs .
Mixing operation: 5 cycles of a mixing operation for 30 seconds followed by a pause for 1 minute

[0224] Thus, a éyan toner of Example 15 was prepared.
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Example 16

Toner manutacturing method using a urea-moditied resin

(Preparation of toner binder)

[0225] In a reaction container having a condenser, a stirer and a pipe from which a nitrogen gas was supplied to
the container, 724 parts of an adduct of bisphenol A with 2 moles of ethyleneoxide, 276 parts of isophthalic acid and
2 parts of dibutyl tin oxide were added to the container. Then the mixture was reacted for 8 hours at 230°C under a
normal pressure. Then the reaction was further performed for § hours under a reduced pressure of from 10 to 15
mmHg. After the reaction product was cooled to 160 °C, 32 parts of phthalic acid anhydride were added thereto to
further perform a reaction for 2 hours. Then the reaction product was cooled to 80 °C. The reaction product was mixed
with 188 parts of isophorondiisocyanate in ethyl acetate and reacted for 2 hours to prepare a prepolymer having an
isocyanate group.

[0226] Then 267 parts of the thus synthesized prepolymer were reacted with 14 parts of isophoronediamine for 2
hours at 50 °C. Thus, a urea-modified polyester (1) having a weight average molecular weight of 64,000 was prepared.
[0227]) Similarly, 724 parts of an adduct of bisphenol A with 2 moles of ethyleneoxide and 276 parts of terephthalic
acid were condensation-polymerized for 8 hours at230 °C under a normal pressure. Then the reaction was turther
performed for 5 hours under a reduced pressure of from 10 to 15 mmig to prepare an unmodified polyester (2) having
a peak molecular weight of 5,000. ’
[0228]) Then 200 parts of the urea-modified polyester (1) and 800 parts of the polyester {2) were dissoived in-2,000
parts of a mixture solvent of ethyl acetate and methyl ethyl ketone (1/1 in weight ratio) to prepare a solution of mixed
polyesters (1) and (2). A part of the solution was dried to prepare a solid polyester mixture. The glass transition tem-
perature was 62 °C.

(Preparation of colored particles)

 [0229] In a beaker, 240 parts of the solution of mixed polyesters (1) and (2), 20 parts of pentaerythritol tetrabehenate

having a melting point of 81 °C and a melt viscosity of 25 cps and 4 parts of copper phthalocyanine blue pigment were
contained. The mixture was agitated by a TK HOMOMIXER at a revolution of 12,000 rpm 1o prepare a dispersion.
[0230] Onthe other hand, 706 parts of deionized water, 294 parts of 10 % suspension of hydroxyapatite (SUPERTITE
10 manufactured by Nippon Chemical Industrial Co., Ltd.) and 0.2 parts of sodium dodecylbenzenesulfonate were
added in a container to prepare a solution. The mixture was heated to 60 °C, and then the above-prepared dispersion
was added thereto while the mixture was agitated for 10 minutes by a TK HOMOMIXER at a revolution of 12,000 rpm.
Then the mixture was contained in a container having a stirrer and a thermometer and heated to 80 °C to remove the
mixture solvent of ethyl acetate and methyl ethyl ketone. Then the dispersion was filtered, washed with hydrochioric
acid, washed with water, dried, and classified to prepare colored particles.

[0231] Then the following components were mixed in a Q type mixer manufactured by Mitsui Mining Co., Ltd.

The colored particles prepared above | 100
Charge controliing agent 0.25
(BONTRON E-84)

[0232] The mixing conditions were as follows:

Rotation speed of turbine blade: 100 mvs
Mixing operation: 5 cycles of a mixing operation for 2 minutes followed by a pause for 1 minute

[0233] Then 0.5 parts of a hydrophobic silica (H2000 manufactured by Clariant Japan K. K. were added to the mixture
and the mixture was mixed in the Q mixer under the following conditions:

Rotation speéd of turbine blade: 15 m/s
Mixing operation: 5 cycles of a mixing operation for 30 seconds followed by a pause for 1 minute

[0234]) Thus, a cyan toner of Example 16 was prepared.
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Comparative Example 1

[0235]' The procedure for preparation of the toner in Example 1 was repeated except that the rotation speed of the
turbine blade in the surface treatment was changed from'50 mis to 30 nVs. :
{0236] Thus a cyan toner of-Comparative Example 1 was prepared.

Comparative Example 2

[0237] The procedure for preparation of the toner in Example 1 was repeated except that the addition quantity of the
charge controlling agent was changed from 2 .95 to 1.25 in the toner constituents mixture, the addition quantity of the
charge controlling agent added in the mixing process was changed from 0.25 1o 1:25, and the rotation speed of the
turbine blade in the surface treatment was changed from 50 m/s to 160 mvs. : ' )
[0238] Thus a cyan toner of Comparative Example 2 was prepared.

Comparative Example 3

"[0239] The procedure for preparation of the toner in Example 1 was repeated except that the temperature -of the

sphering treatment was changed from 250 °C to 200 °C.
[0240] Thus, a cyan toner of-Comparative Example 3 was prepared.

Comparative Example 4

[0241] The procedure for preparation of the toner in Example 1 was repeated except that the temperature of the
sphering treatment was changed from 250 °C to 350 °C.

{0242} Thus, a cyan toner of Comparative Example 4 was prepared.

[0243] The manufacturing conditions of the toners of Examples 1 to 16 and-Comparative Examples 110 4 are'shown
in Table 1.

Table 1
Manifacturing | Sphering -Charge controliing agent (CCA) surface treatment
method treatment
Temp. (°C) 1 intermal CCA (Wt. ExternalCCA (Wt. 1 Rotation speed (m/
%) %) s)

Ex. 1 pPULCL* 250 2.25 0.25 50
1Ex.2 PUL/CL* 250 2.25 0.50 ] 50
TEx. 3 PUL/CL® 300 2.25 0.25 50

Ex. 4 puLCcL* 300 2.25 0.50 ] 50

Ex.5 PUL/CL® 300 225 0285 160
Ex. 6 PUL/CL" 300 225 | 028 80
Ex. 7 pPULCL? 300 2:25 0.25 _ 120
Ex. 8 PUL/CL* 250 o | oos | s0.
Ex.9 pPUL/CL" 250 0 0.25 50
Ex. 10 PULCL® 250 0 1.00 50
Ex. 11 PUL/CL® 250 226 | 025 50
Ex. 12 PUL/CL® 250 2.25 0.25 50
Ex. 13 PULCL® 250 2.25 025 | 50
Ex. 14 PUL/CL* 250 225 | 025 50
Ex. 15 SUS-POL* - 0 | o2 | 80
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{continued)

Ex. 16 POL-SUS3* - 10 0.25 100

Comp. Ex. 1 PUL/CL” 260 2.25 0.25 30

Comp. Ex. 2 PUL/CL* 250 225 0.25 160

Comp. Ex. 3 PUL/CL® 200 2.25 0.25 50

Comp. Ex. 4 PULCL® 350 2.25 0:25 50

PULIGL": Toner particies are prepared by a pulveirization/classification method.

SUS-POL**: Toner particles are prepared by a suspension polymerization method.
POL-SUS3*: Toner particles are prepared by a polymer suspension method.

[0244] When the toner of Example 1 was subjected to a fluorescent X-ray analysis to determine the quantity of the
charge controlling agent in the toner by detecting Zn inthe charge<ontrolling agent, the.guantity of the charge controlling
agent was 2.51 % by weight of the toner. Since the content of Zn in the-charge controlling agent is 11:6 % by weight,
the value T of Zn was 0.291 % (i.e., 2.51 x 0.116) by weight. S

[0245] When the toner of Example 1 was ‘subjected to an X-ray Photoelectron Spectroscopy (XPS) analysis, the
contents of the elements present on the surface of the toner were as foliows: C: 83.9 atomic %, N: 0.93 atomic %, O:
12.6 atomic %, Cl: 0.94 atomic %, and Zn: 1.63 atomic %.

[0246] Therefore the value M of Zn (i.e., the content of Zn on the surface of the toner on a weight basis) is 7.83 %
by weight i.e., the value M is calculated by weighting the above-described contents of the elements with their molecular
weights) . Therefore the ratio (W/T) of the charge controlling agent is determined to be 27.

[0247] The wide XPS spectrum of the toner is ilustrated in Fig. 1, and the narrow spectra thereof are ilustrated in
Figs. 2A to 2E. As can be understood from Fig. 1, a large amount of C and-O are present on the surface of the toner
particles, and a small amount of Zn, N and Cl are present on the surface of the toner particles. Figs.2A t0-2€ illustrate
the enlarged peaks of Cls, Ols, Nis, CI2p and Zn2p3. In Figs. 2A to 2E, the chemical states of the elements (i.e., the
groups to which the elements belong) are also shown. The above-mentioned-concentrations of the elements on the
surface of the toner particles are calculated using these peaks and their relative sensitivity factors presented by PHI.
[0248] Similarly, the content (CCA content 1) of the charge controlling agent at the-surface of the toner particles and
the content (CCA content 2) of the charge controlling agent in the-toner particles of £xamples 2 to 16 and Comparative
Examples 1 to 4 were determined. In addition, the following qualities of the toners were measured. :

(1) Spherical degree (SD)

[0249] The method for measuring the spherical degree is mentioned above.

(2) Charge rising property (CR)

[0250) The method for measuring the charge rising property is mentioned above.

(3) Volume average particle diameter (Dv)

[0251] The method for measuring the volume average particle diameter is mentioned above.

{4) Ratio {Dv/Dn) of volume average particle diameter (Dv) to number average particle diameter (Dn)

[0252] The method for measuring the ratio is mentioned above.
{0283] The results are shown in Table 2.

Table 2
SD CCA content 1 (Wi%) | CCA content 2 (atom%) ; M/T CR | Dv(um) | Dv/Dn
Ex. 1 0.962 251 1.63 1 27 |oss| 93 |13
Ex.2 0.965 2.50 5.95 -1 98 | o062 o1 | 133
Ex.3 0.975 2.49 8.86 147 | 081 ] 86 1.28
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Table 2 (continued)

SD | CCA content 1 {(W1%) | ‘CCA content 2-(atom%) | M/T | CR | Dv (um) A -Dv/Dn

Ex. 4 0.976 2.55 20.9 340 | 0.45 B.2 1.35
Ex.5 0.980 2.48 23,2 387 | 135 | 86 1.25
Ex.6 0.973 2.47 25.3 424 | 0.75 83 | 126
Ex.7 0.972 2.50 23.9 385 | 115 | 89 ] 1.0
Ex.8 0.978 0.05 0.26 | 216 | 0.25 8.8 1.28
Ex.9 0.972' 0.24 3.00 517 | 0.45 9.5 1,26
Ex. 10 Tos70 1.01 185 757 | 068 | 9.0 | 130
Ex. 11 0.976 250 20.8 345 | 0.55 55 | 1.18
Ex. 12 0.973 253 183 209 {045] 53 | 125
1Ex.13 0.979 2.47 23.1 387 | 0.62 75 1.17
Ex. 14 0.975 2.48 20.1 335 | 083 | 77 ] 126
Ex. 15 0.980 0.26 4.55 724 | 0.92 5.1 1.15
Ex. 16 0.985 0.25 ] 455 | 753 | 099 40 1113
Comp. Ex. 1 | 0.963 . 252 0.20 ' 8 034 | 83 1.31
Comp. Ex.2 | 0.964 2.49 69.7 1158 | 058 86 | 128
Comp. Ex. 3 | 0.953 2.50 ' 3.33 65 | 0.45 9.0 1.29

| comp.Ex. 4 | 0.992 2.48 ] 551 .92 | 062 8.8 1.30

Methed for evaluating image qualities

[0254] Evaluation of image qualities of the toners were performed using a full-color laser printer, IPSIO 5000 {here-
inafter referred to as an evaluation machine A) , which is manufactured by Ricoh Co., Ltd. In the full color laser printer,
four color images formed on a belt photoreceptor one by one using a developing device having four color developing
sections are transferred on an intermediate transfer medium to form a full color toner image thereon. The full color
toner image is then transferred on a receiving material.

[0255] In addition, the image qualities are evaluated using a full color LED printer-GL8300 (hereinafter referred to
as an evaluation machine B) manufactured by Fujitsu Ltd. In the printer, four-color toner images were formed on four
drum-shaped photoreceptors, respectively, using a developing device having four color developing sections.

[0256] Each of the developing sections of the laser printer and LED printer is a non-magnetic one-component de-
veloping unit having a developing roller made of an elastic material and a stainless blade regulating the thickness of
the toner layer on the developing roller. The developing method was a reverse developing method in which the polarity
of the developer is the same as that of electrostatic latent images formed on the photoreceptor. The electrostatic latent
images are developed with the toner on the developing roller, which is rotated, while the latent images contact the
toner. The rotation speed of the developing roller is faster (by 1.5 times or 1.2 times, respectively) than that of the
photoreceptor.

[0257] The images were evaluated with respect to transferability, background fouling, haze factor, and fine line re-
producibility.

(1) Transferability

[0258] When toner images of a toner having poor transferability are transferred on a thick paper, the toner images
are not fully transferred on the thick paper (i.e., the possibility of image transfer is low) because the toner images are
pressed when transferred. In particular, this problem tends to occur when line images andcharacter images are formed.

[0259] Therefore, the transferability of a toner was evaluated as follows:

1) each of the cyan toners was set in each printer and subjected to a running test in which 10, 000 images of an
original image having an image area of 5 % and an A4 size were formed; and
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2) then character images "## " having a size of 10 point are continuously formed (19 words per line) on a post<ard,

{0260] The characters were observed to determine the number of the characters having an omission. The transfer-
ability is graded as follows:

Rank 5: excelient
Rank 4: good

Rank 3: fair

Rank 2: bad

Rank 1: seriously bad

(2) Background density (BD}

[0261] At the beginning of the running test and after the running test, the toner remaining on the photoreceptor after
the developing process was transferred on an adhesive tape. The reflection density (D1) of the tape having the toner
and the density (DO) of the tape having no toner were measured by a SPECTRODENSITOMETER 938 manufactured
by X-Rite to determine the density difference (D1-D0) (i.e., the background density).

[0262] When a toner having a poor charge rising property is used, the initial images tend to have a high background
density. When a toner whose charge property deteriorates when used for a long time or which contaminates chargers
is used, the background density increases after the running test,

(3) Haze factor

[0263] A cyan image formed on an overhead projection sheet type PPC-DX manufactured by Ricoh-Co., Ltd. The
fixing temperature was 160 °C. The haze factor of the cyan image was measured by a direct reading HAZE FACTOR
COMPUTER HGM-2DP manufactured by Suga Test Instruments Co., Ltd.

[0264) The haze factor is called cloudiness, and the lower the haze factor of an image, the better the transparency
of the image. The haze factor of a coler image is preferably not greater than 30 %, and more preferably not greater
than 25 %.

(4) Fine line reproducibility

{0265] After the running test, fine line images having a density of 600 dpi are formed. The images were observed to
determine whether the images are biurred. The images were classified into the following five grades:

Rank 5: excellent
Rank 4: good

Rank 3: fair

Rank 2: bad

Rank 1: seriously bad

[0266] The results are shown in Table 3.

Table 3 )
Transferability Background density Haze factor{%) | Fine line
(rank) reproducibility
(rank)
| Atthe beginning | After the running
test
Ex. 1 3 0.05 0.23 a5 ! 1
2 0.04 1 0.22 36 1
Ex. 2 3 0.01 0.21 65 2
2 0.03 0.25 5 2
Ex. 3 4 0.01 0.156 85 2
3 0.02 | 0.16 46 2
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Transferability Background density Haze factor{%) | Fine line
(rank) reproducibility
) (rank)
At the beginning | After the running
test

Ex. 4 4 0.06 0.22 78 1
3 © 0.07 0.22 68 1
Ex. 5 4 0.28 0.156 68 2
4 0.22 0.16 59 1
Ex. 6 4 0.06 0.07 46 1
3 0.07 0.09 36 2
Ex.7 4 0.07 0.01 52 ] 2
3 0.08 0.01 48 2
Ex. 8 4 0.07 0.24 i3 2
3 0.08 0.26 11 2
Ex.9 4 0.04 0.1 19 1
4 0.03 0.20 15 1

Ex. 10 4 0.02 0.08 26 1

3 0.01 0.13 22
Ex. 11 4 0.09 0.25 55 4
4 0.10 0.28 48 5
Ex. 12 4 0.08 0.23 48 3
3 0.07 0.20 39 4
Ex. 13 4 0.03 0.28 62 4
3 0.03 0.26 58 3
Ex. 14 4 0.07 0.30 68 3
4 0.06 . 0.36 67 2
Ex. 156 5 0.01 0.01 20 4
4 0.02 0.02 15 5
Ex. 16 5 0.00 0.00 11 5
5 0.00 0.01 9 5
Comp. Ex. 1 3 0.33 0.28 68 1
2 0.40 0.33 66 1
Comp. Ex. 2 3 Cannot be evaluated™™ 74 1
2 82 1
Comp. Ex. 3 1 0.08 0.33 77 2
i 0.10 0.44 77 2
Comp. Ex. 4 Cannot be 0.09 0.28 . 65 1
evaluated*

0.12 0.33 56 1

* the image cannot be evaluated because the image are seriously fogged.
*“the image cannot be evaluated because the image has too low image densily.

[0267] In Table 3, the upper numerals are of the images produced by the evaluation machine A and lower numerals

are of the images produced by the evaluation machine B.

[0268] As can be understood from Table 3, the toners

30
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of the present invention, respectively, have good transferability and tow background density. When thecharge rising
property of the toner is in the specific range of the present invention, the resultant images have low background density.
in addition, when the toners do not have a charge controlling agent in the toner particles, the toner images have good
transparency when the toner images are fixed. Further when the toners have a particle diameter and a particle diameter
distribution in the specific ranges of the present invention, respectively, the toner images have good fine line reproduc-
ibility.

[0269] These properties of the toner prepared by the polymer suspension method (i.e., the toner of Example 16) are
excellent. This is because the spherical degree, particle diameter distribution of the toner fall in the preferable ranges
and the toner particles are subjected to a surface treatment of the present invention while the charge controlling agent
is not included in the toner particles.

[0270] The following experiments were performed to check the efiect of the method for manufacturing a toner using
a mixer as illustrated in Figs. 4-6. ’

Manufacturing Example 1

Preparation of pigment master batch

[0271] The following components were mixed and agitated in a flasher.

Water 600
Pigment Blue 15:3 aqueous cake 1200
{solid content of 60 %)

[0272] Then 1, 200 parts of a polyester resin having an acid value of 3, a hydroxyl value of 25, a weight average
molecular weight Mw of 45,000, a Mw/Mn ratio of 4.0, and a transition temperature of 60 °C were added to the mixture,
and kneaded at 150 °C for 30 minutes. Then 1,000 parts of xylene were added thereto, and further kneaded for 1 hour.
After water and xylene were removed therefrom, the residue was cooled by rolling and then pulverized by a pulverizer.
Then the powder was kneaded twice by a three-roll mill. Thus acyan pigment master batch was prepared.

Preparation of mother toner

[0273] Then the following components were mixed.

1 Polyester resin A 90
(acid value of 36 mgKOH/g)
The cyan pigment master batch prepared above 5

[0274] The mixture was mixed by & mixer and then melted and kneaded by a two-roll mill. Then the mixture was
cooled by rolling. The mixture was pulverized by a pulverizer (1-2 TYPE MILL manufactured by Nippon-Pneumatic
Mig. Co., Ltd.) which is a jet mill using a collision plate. Then the pulverized mixture was air-classified by a-classifier
(DS CLASSIFIER manufactured by Nippon Pneumatic Mfg.-Co., Ltd.) which uses <ircling air. Thus <colored particles
(i.e., a cyan mother toner) having a weight average particle diameter of 6.5 um were prepared. '

Preparation of toner

[0275] Then the following components were mixed in a Henshel mixer having a construction as shown inFig. 4.

The mother toner prepared above | 100
| Charge controlling agent 0.1
(BONTRON E-84)

[0276] The mixing conditions were as follows:

Rotation speed of blade: 30 m/s
Mixing operation: 3 cycles of a mixing operation for 2 minutes followed by a pause for 1 minute
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[0277) In eddition, the height (H) and width (R1) of the Henshel mixer and the length (L) and inside diameter (R2) of
the cylindrical member of the Henshel mixer were as follows:

H: 300 mm, L: 160 mm, R1: 300 mm and R2, 80 mm.
{0278] Thus, a cyan toner of Manufacturing Example 1 was prepared.

Comparative Manutacturing Example 1

[0279] The procedure for preparation of the toner in Manufacturing Example 1 was repeated except that the Henshel
mixer was changed to a Henshel mixer having a construction as shown in Fig. 3. .

[0280] The height (H) and width (R1) of the Henshel mixer were 300 mm and 300 mm, respectively.

[0281] Thus, acyan toner of Comparative Manufacturing ‘Example 1 was prepared.

Manufacturing Example 2

[0282) The procedure for preparation of the toner in Manufacturing Example 1 was repeated except that the Henshel
mixer was changed to a Q-form mixer having a construction as shown in Fig. 5.
[0283] The conditions of the Q-form mixer were as follows:

Rotation speed of agitating blade: 100 m/s
Mixing operation: 3 cycles of a mixing operation for 2 minutes followed by a pause for 1 minute

[0284] In addition, the height (H) and width (R1) of the Q-form mixer and the length (L) and inside diameter (R2) of
the cylindrical member of the Q-form mixer were as follows:

H: 300 mm, L: 160 mm, R1: 350 mm and R2: 80 mm.

[0285] Thus, acyan toner of Manufacturing Example 2 was prepared.

Comparative Manufacturing Example 2

[0286] The procedure for preparation of the toner in Manufacturing Example 2 was repeated except that the Q-form
mixer was changed to a Q-form mixer having a construction as shown in Fig. 7. :

[0287] The height (H) and width (R1) of the Q-form mixer were 360 mm and 350 mm, respectively.

{0288] Thus, acyan toner of Comparative Manufacturing Example 2 was prepared.

Manufacturing Example 3

[0289) The procedure for preparation of thetonerin Manufacturing Example 2 was repeated except that thecylindrical
member 41 of the Q-form mixer was changed to a trumpet type member (b) as shown in Fig. 6.
[0290] Thus, a cyan toner of Manufacturing Example 3 was prepared.

Manutacturing Example 4

[0291) The procedure for preparation of the tonerin Manufacturing Example 2 was repeated except that the cylindrical
member 41 of the Q-form mixer was changed so as to have a round neck (&) as shown inFig. 6.
[0292) Thus, acyan toner of Manufacturing Example 4 was prepared.

Manufacturing Example 5

[0293] The procedure for preparation of the toner in Manufacturing Example 4 was repeated excepl that the rotation
speed of the blade was changed from 100 to 150 m/s.
[0294] Thus, a cyan toner of Manufacturing Example 5 was prepared.

Manufacturing Example 6

[0295] The procedure for preparation of the toner in Manufacturing Example 5 was repeated except that the mother
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toner and charge.controlling agent were preliminarily mixed by the Q-form mixer before the mixing using the-Q4orm
mixer.

{0296] The mixing conditions of the preliminary mixing were as follows:

Rotation speed of blade: 40 mvs
Mixing time: 2 minutes

[0297] Thus, acyan toner of Manufacturing Example 6 was prepared.

Manufacturing Example 7

[0298] The procedure for preparation of the toner in Manutacturing Example 2 was repeated except that the length
(L) of the cylindrical member of the Q-form mixer was changed from 160 mm to 26 mm.
[0299] Thus, acyan toner of Manufacturing Example 7 was prepared.

Manufacturing Exampie 8

[0300] The procedure for preparation of the toner in Manufacturing Example 2 was repeated except that the inside
diameter (R2) of the cylindrical member of the Q-form mixer was changed from 80 mm to 25 mm.
[0301] Thus, & cyan toner of Manufacturing Example 8 was prepared.

Manufacturing Example 9

[0302] The procedure for preparation of the toner in Manufacturing Example 2 was repeated except that the rotation.
speed of the blade of the Q-form mixer was changed from 100 mm to 30 ns.
{0303] Thus, a cyan toner of Manufacturing Example 9 was prepared.

Manufacturing Example 10

[0304] The procedure for preparation of the toner in Manufacturing Example 6 was repeated excepl that the particle
diameter of the charge controlling agent was changed from 1.2 um1to 5 pm.
[0305] Thus, a cyan toner of Manufacturing Example 10 was prepared.

Evaluation method

[0306] Each of the toners of Manufacturing Examples 1 to 10 and Comparative ManufacturingExamples 1 and 2
was evaluated with respect to the following propetties.

(1) Weight of obtained toner (W)

{0307] The weight of a toner discharged from the mixer was checked when 1 kg of a mother toner was treated for
10 seconds while the blade was rotated at a revolution of 20 nmvs.

(2) QM(155)

[0308] One hundred parts of a silicone-coated ferrile carrier having an average particle diameter of 50 um, and-2:5
parts of a toner were contained in a stainless pot such that the carrier and the toner-occupy one-third of the volume of
the container. Then the mixture was agitated for 15 seconds at a revolution of 100 rpm. Then Q/M of the toner was
measured by a blow-off method. :

(2) Q/M(10m)
[0309] One hundred parts of a silicone-coated ferrite carrier having an average particle diameter o160 um, and 2.5
paris of a toner were contained in a stainless pot such that the carrier and the toner occupy one-third of the volume of

the container. Then the mixture was agitated for 10 minutes at a revolution of 100 rpm. Then Q/M of the toner was
measured by a blow-off method.
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(4) Charge rising property (CR)

[0310] " The charge rising property of a toner was calculated as follows.
CR (%) = {Q/M(15s))x100/{Q/M(10m)}

(5) Background density (BD)

[0311] The background density was measured in the same way as mentioned above except that the image forming
apparatus was changed to IMAGIO 6550. :

(6) Durability of toner

[0312] A running test was performed using a copier IMAGIO MF6550 manufactured by RicohCo., Ltd. and an original
image having an image area of 5 % and an A4 size. A cyan solid image was formed after every 1;000-copies. The
image density of the sclid image was measured by a spectrodensitometer 938 manufactured by X-Rite. it was judged
that the life of a toner expired when the image density became 80 % or less of the initial image density.

[0313] The results are shown in Table 4.

Table 4

W (g) | @M(i5s) | @/M(10m) | CR (%) | BD -Durabimy
Mig. Ex. 1 712 -21.3 234 | 91 0.09 2,000
Mfg. Ex. 2 780 -23.5 23.4 100 | 002 { 151,000
Mig. Ex. 3 820 -28.2 276 | 102 | 0.01 | 160,000
Mfg. Ex. 4 850 -28.4 -286 | 99 001 | 158000
Mfg. Ex. 5 865 269 | 271 99 |-0.01 | 183,000
Mfg. Ex. 6 854 -28.4 271 105 | 0.01 | 206,000
Comp. Mig. Ex. 1 | 631 -18.2 254 | 72 0.17 1,000
Comp. Mig. Ex.2 | 520 -18.7 262 | 71 | 003] 60000
Mfg. Ex. 7 680 -23.7 c-252 | o4 0.05 | 80,000
Mfg. Ex. 8 1 e75 -24.1 235 | 103 | 006 | 75000
Mfg. Ex. 9 i 8653 -13.8 -24.3 57 0.05 | 5,000
Mig. Ex. 10 860 124 | -26.1 48 | 018 | 80,000

[0314] As can be understood from Table 4, the toners prepared by the method of the present invention have good
charging properties and image quality. In particular, the toners of Manutacturing Examples 2 to 6 have-good charging '
properiies, image quality and durability. In addition, the toners can be manufactured at a high yield.

[0315] This document claims priority and contains subject matter related to Japanese Patent Applications Nos.
2001-87924 and 2001-65366, filed on March 26, 2001 and March 8, 2001, respectively, incomorated herein by refer-
ence.

[0316] Having now fully described the invention, it will be apparentto one of ordinary skillin the art that many changes
and modifications can be made thereto without departing from the spirit and scope of the invention as set forth therein.

Claims
1. A toner composition comprising:
toner particles comprising:

a binder resin; and
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a colorant,
and a charge controlling agent which is at least located on a surface of the toner particles,

wherein the toner composition has a spherical degree of from 0.96 t0-0.99, and wherein the toner-composition
satisfies the following relationship:

10 = WT = 1,000

wherein M represents a quantity of an element on a surface of the toner particles in units of % by weight, wherein
the element is included only in the charge controlling agent, and is one of elements of second to fifth periodical
elements in the long form periodic table other than carbon, oxygen and rare gas elements; and T represents a
quantity of the element in the toner composition in units of % by weight.

The toner composition according to Claim 1, wherein the ratio M/T is from 100 to BOO.

The toner composition according to Claim 1 or 2, further satisfying the following relationship:
0,7 = (QM1)Y(Q/M2) £ 1.3

wherein QM1 represents a charge quantity of the toner composition in units of uC/g when the toner composition
is mixed with a carrier coated with a silicone resin for 15 seconds and Q/M2 represents a charge quantity of the
toner composition in units of uC/g when the toner composition is mixed with the carrier for 600 seconds.

The toner composition according to any one of Claims 1 to 3, further having a volume average panicle diameter
(Dv) of from 2 to 8 um and a number average particle diameter (On), wherein a ratio Dv/Dn is not greater than 1.2.

The toner composition according to any one of Claims 1 to 4, wherein the charge controliing agent is included in
the toner composition in an amount of from 0.01 % t0 2.0 % by weight based on total weight of the toner particles.

The toner composition according to any one of Claims 1 to 5, wherein the charge controlling agent comprises a
compound selected from the group consisting of metal complexes of salicylic acid and salicylic acid derivatives
and metal salts of salicylic acid and salicylic acid derivatives. -

The toner composition according to any one of Claims 1 to 6, wherein the toner particles further comprise a wax,
wherein the wax is dispersed in the toner particles while having an average dispersion diameter of from 0.2 um to
2.0 um.

The toner composition according to any one of Claims 1 to 7, wherein the binder resin comprises a polyester resin
in a largest amount, and whereinthe polyester resinhas a molecular weight distribution such that a peak isobserved
in a range of from 1,000 to 30,000 and a fraction having a molecular weight not less than 30,000 is included in the
polyester resin in an amount of from 1 % to 10 % by weight.

The tener composition according to any one of Claims 1 to 8, wherein the binder resin comprises a polyester resin.
The toner composition according to Claim 9, wherein the polyester resin comprises a urea bonding.

A method for manufacturing the toner composition according to any one ofClaims 1 to 10 which comprises:

preparing toner particles comprising a binder resin and a colorant, and
mixing the toner particles with a charge controlling agent using a mixer having a rotor (21;-22).

The method according te Claim 11, wherein the mixer comprises:

a vessel (11; 12) configured 1o contain the toner particles and the charge controlling agent;
a driving shaft (31; 32) arranged so as to substantially vertically pass through a-bottom (5) of the vessel and
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configured to rotate the rotor (21;22), wherein the rotor is provided on-the driving shaft and rotates substantially
parallel with the bottom of the vessel; and
a cylindrical member {4; 41) focated at a position in an extension direction of the driving shaft.

The method according to Claim 12, wherein the vessel has a-spherical form and the bottom+{5) of the vessel (11;
12) has a flat circular form, and wherein the driving shaft {31; 32) passes through a substantially center-of the flat
circular bottom of the vessel.

The method according to Claim 12 or 13, wherein the mixer satisfies the following relationship:
L = H10

wherein H represents an inside height of the vessel (11; 12) and L represents an inside length of the cylindrical
member (4; 41) in the vessel.

The method according to any one of Claims 12 to 14,
wherein the mixer satisfies the following relationship;

R2 =z R1/10

wherein R1 represents an inside width of the vessel (11; 12) and R2 represents an inside diameter of the cylindrical
member.

The method according to any one of Claims 12 to 15,
wherein the cylindrical member (4; 41) has a tip (b) having a trumpet form.

The method according to any one of Claims 11 to 16,
wherein the mixing step comprises;

premixing the toner particles with the charge controlling agent while rotating the rotor at a rotation speed lower
than. 50 m/s; and

then mixing the toner particles with the charge controlling agent while rotating the rotor (21;.22) at a rotation
speed not lower than 50 mvs.

The method according to any one of Claims 11 to 17,
wherein the toner composition further comprises an external additive, and wherein the mixing step compnses

mixing the toner particles with the charge controlling agent and the external additive using a mixer having a
rotor (21; 22) to prepare the toner composition.

The method according to any one of Claims 11 to 18,
wherein the toner particles preparing step comprises:

kneading a binder resin and a colorant upon application of heat to prepare a mixture;
pulverizing the mixture to preparé a powdery mixture;
classifying the powdery mixture to prepare raw toner particles; and
applying at least one of heat and mechanical impulse force to the raw toner particles to prepare the {oner
particles,
wherein the toner particles have a spherical degree of from 0.96 to 0.99.

The method according to any one of Claims 11 to 18, wherein the toner particles preparing step-comprises:

suspension-polymerizing one or more monomers, which optionally includes the colorant, in an aqueous liquid
to prepare the toner particles.
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21. The method according to any one of Claims 11 to 18,
wherein the toner particles preparing step comprises:

dissolving the binder resin in an organic solvent 1o prepare a solution of the binder resin; .
dispersing the solution and the colorant in an aqueous liquid to prepare a dispersion of the binder resin and
the colorant; and

drying the dispersion of the binder resin and the colorant to prepare the toner particles.

22. The method according to any one of Claims 11 to 18,
wherein the toner particles preparing step comprises:

dispersing the binder resin in an organic solvent to prepare an organic solvent dispersion of the binder resin
in the organic solvent,

dispersing the organic solvent dispersion and the colorant in an aqueous liquid to prepare an aqueous disper-
sion of the binder resin and the colorant; and

drying the aqueous dispersion to prepare the toner particles.

23. The method according to any one of Ciaims 11 to 18,
wherein the toner particles preparing step comprises:

reacting a prepolymer with a compound in an organic solvent to prepare a solution of the binder resin;
dispersing the solution and the colorant in an aqueous liquid to prepare a aqueous dispersion of the binder
resin and the colorant; and

drying the aqueous dispersion to prepare the toner particles.

24. The method according to any one of Claims 11 to 18,
wherein the toner particles preparing step comprises:

reacting a prepolymer with a compound in an organic solvent to prepare an organic solvent dispersion of the
binder resin;

dispersing the organic solvent dispersion and the cotorant in an aqueous liquid to prepare an aqueous disper-
sion of the binder resin and the colorant; and

drying the aqueous dispersion to prepare the toner pamcles

25. The method according to any one of Claims 11 to 18,
wherein the toner particles preparing step comprises:

reacting a prepolymer with a compound in an aqueous liquid comprising the-colorant to prepare an équeous
dispersion of the binder resin and the colorant; and
drying the aqueous dispersion to prepare the toner particies.

26. The method according to any one of-Claims 11 to25, wherein in the mixing step the rotor (21; 22) is rotated at a
rotation speed of from 40 nvs to 150 m/s.
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